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FOREWORD 


This  FY  1969  Annual  Progress  Report  is  a  general  review  of  research 
activities  of  the  U.  S.  Army  Medical  Research  Institute  of  Infectious 
Diseases,  Fort  Detrick,  Maryland,  conducted  under  Project  1B662 706A096 , 
Medical  Defense  Aspects  of  Biological  Agents  (U) ,  The  project  is  divided 
into  three  tasks: 


1B662706A096  01 
1B662706A096  02 

1B662706A096  03 


Vulnerability  of  Man  to  Biological  Agents. 
Prevention  and  Treatment  of  Biological  Warfare 
Casualties . 

Laboratory  Identification  of  Biological  Agents. 


Sixteen  contracts  are  currently  in  effect  with  educational  institutions 
or  industrial  firms.  Reports  are  available  through  DDC. 


Tasks  are  subdivided  into  work  units,  each  identified  by  a  three  digit 
suffix.  Numbers  have  been  assigned  in  accordance  with  the  following  scheme 


General 

001-099 

Bacterial  Diseases 

100-299 

Rickettsial  Diseases 

300-399 

Viral  Diseases 

400-699 

Mycotic  Diseases 

700-799 

Intoxications 

800-899 

Contracts 

900-999 

Three  appendices  are  included  covering  the  Guest  Lecture  Series, 
Professional  Staff  Meetings,  Formal  Presentations  and  Briefings  and  a 
list  of  publications  of  the  Institute  for  the  Fiscal  Year.  An  index  by 
authors  has  been  added. 

In  conducting  research  described  in  this  report,  the  investigators 
adhered  to  the  "Guide  for  Laboratory  Animal  Facilities  and  Care,"  as 
promulgated  by  the  Committee  on  the  Guide  for  Laboratory  Animal  Facilities 
and  Care  of  the  Institute  of  Laboratory  Animal  Resources,  National  Academy 
of  Sclences-National  Research  Council. 


1  July  1968 
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Project  No.  1B662706A096 :  Medical  Defense  Aspects  of  Biological  Agents  (U) 
Task  No.  1B662706A096  01:  Vulnerability  of  Man  to  Biological  Agents 
Work  Unit  No.  096  01  001:  Metabolic  Studies  in  Experimental  Disease 
Description : 

To  study  early  changes  in  metabolism  induced  by  experimental 
disease. 

Progress ,  Part 

Preliminary  studies  on  mice  infected  with  the  attenuated  vaccine 
strain  of  Pasteurella  tularensis  have  demonstrated  that  significant 
decreases  in  serum  Fe  concentration  occur  early  in  the  course  of  infection 
and  before  onset  of  detectable  illness.!.' 

The  effect  of  £.  tularensis  infection  on  serum  Fe  and  total  Fe- 
binding  capacity  levels  in  the  human  host  was  studied.  Twenty  healthy, 
20-26  year  old  male  soldiers  volunteered  to  participate  in  the  study. 

The  volunteers  comprised  2  groups  of  10  men  each.  Each  group  consisted 
of  8  previously  vaccinated  and  2  nonvaccinated  men.  All  subjects 
were  exposed  to  aerosols  of  viable  SCHU-S4  strain  P^.  tularensis .  Each 
subject  in  Group  I  received  approximately  2500  viable  organisms,  and 
subjects  of  Group  II  approximately  25,000  viable  organisms.  Blood 
samples  were  obtained  at  0800  and  2000  hours  daily  throughout  the  study 
and  included  at  least  3  days  of  preexposure  determinations  for  baseline 
values.  Aliquots  of  serum  were  divided  for  colorimetric  and  atomic 
absorption  determinations.  Based  on  fever  (rectal  temperature  >100  F) 
the  subjects  were  divided  into  3  clinical  response  categories:  typical 
illness,  mild  illness,  and  asymptomatic. 

From  this  investigation  it  was  shown  and  confirmed  by  2  analytical 
methods  that  serum  Fe  concentrations  and  total  Fe-bindlng  capacity  fall 
early  after  exposure  of  volunteers  to  virulent  P.  tularensis.  Serum  Fe 
fell  significantly  and  consistently  below  values  encompassing  normal 
changes  or  differences  among  individuals.  The  prospective  nature  of 
this  study  and  the  rapid  development  of  hypoferremia ,  even  in  vaccinated 
subjects  who  remained  asymptomatic,  made  it  evident  that  serum  Fe  fell 
in  two  distinct  phases.  The  first,  or  Exposure  Phase  Hypoferremia, 
represented  a  consistent  fall  of  modest  magnitude  early  in  the  incubation 
period  which  seemed  to  be  an  early  host  response  to  invading  micro¬ 
organisms,  a  response  independent  of  subsequent  illness  or  its  absence. 

The  second,  or  Illness  (Febrile)  Phase  H3'poferremia ,  presented  as  an 
exaggerated,  superimposed  response  related  in  timing  and  magnitude  to 
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the  onset  and  severity  of  illness.  A  diurnal  variation  in  serum  Fe 
levels  was  also  found  and  confirmed  in  the  preexposure  period.  However, 
in  the  postexposure  period  diurnal  variation  was  found  to  be  reduced  or 
was  absent.  The  possibility  was  raised  that  an  endogenous  mediating 
factor  was  released  from  neutrophilic  leukocytes  and  served  to  trigger 
the  observed  changes  in  Fe  metabolism. 

More  recently,  alterations  in  serum  Fe,  Cu,  and  Zn  concentrations 
were  studied  prospectively  in  a  group  of  volunteers  receiving  Venezuelan 
equine  encephalomyelitis  Vaccine,  Live,  Attenuated,  Lot  6.  Again,  subjects 
were  divided  into  3  clinical  response  groups  based  on  fever. 

Significant  decreases  in  serum  Fe  and  Zn  concentrations  oncurred 
prior  to  the  onset  of  Illness  reaching  maximum  reductions  closely 
corresponding  to  the  febrile  response.  As  in  the  tularemia  study, 
asymptomatic  individuals  also  showed  early  moderate  reductions.  A 
corresponding  rise  in  serum  Cu  concentrations  were  also  observed. 

Studies  on  rats,  and  rabbits  have  shown  increasing  evidence  that 
the  release  of  an  endogenous  mediator  from  polymorphonuclear  (PMN) 
leukocytes  and  mononuclear  macrophages  may  be  directly  or  Indirectly 
involved  in  the  production  of  hypoferremia  and  serum  Zn  reductions  in 
the  infected  host.  When  adult  male  rats  were  given  0.01,  0.1,  1.0,  10, 
or  100  Mg  of  Escherichia  coli  lipopolysaccharide  B.  intraperltoneally  (IP) 
serum  Zn  and  Fe  values  fell  significantly  within  3  hr  and  became  maximally 
depressed  within  9  hr.  Reductions  in  these  2  trace  metals  showed  a  linear 
correlation  with  the  logarithm  of  the  dose.  The  Zn  and  Fe  depressing 
effect  was  mediated  by  a  heat  labile  endogenous  factor.  Within  2  hr  of 
receiving  10  yg  endotoxin,  the  serum  of  intoxicated  rats  (but  not  of 
controls)  contained  a  factor  which  regularly  depressed  serum  Zn  in  normal 
recipient  rats.  This  factor  could  be  destroyed  by  heating  serum  to  90  C 
for  30  min.  Since  endotoxin  is  known  to  stimulate  the  release  of  endogenous 
pyrogen  from  PMN  leukocytes,  this  substance  was  isolated  from  peritoneal 
leukocytes  of  rats.  When  administered  in  varying  doses  IP  to  endotoxin- 
tolerant  rats,  leukocytic  pyrogen  produced  significant  decreases  in  serum 
Zn  and  Fe  which  were  linear  to  the  log  doses  administered.  These  results 
indicate  that  the  decreases  observed  during  endotoxemia  are  mediated  by 
leukocytic  pyrogen.  Similar  results  occurred  when  other  species  were 
tested. 

Summary ,  Part 

Significant  decreases  in  serum  Fe,  total  Fe-blnding  capacity,  and 
serum  Zn  levels  were  demonstrated  in  humans  infected  with  P_.  tularensis 
and  attenuated  VEE  vaccine.  Serum  Fe,  total  Fe-bindlng  capacity,  and 
serum  Zn  values  were  shown  to  fall  early  in  the  course  of  infection. 
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and  the  degree  of  Fe  and  Zn  reduction  was  found  to  parallel  closely  the 
degree  of  the  febrile  response.  Recent  animal  studies  have  shown  increasing 
evidence  that  the  release  of  an  endogenous  pyrogen  is  involved  in  the 
reductions  of  serum  Fe  and  Zn  in  the  infected  host. 

Progress ,  Part  II: 

The  sequential  changes  in  blood  pH,  PCO2 ,  PO2 ,  phosphate  (PO^) , 
pyruvate  and  lactate  during  infection  have  received  scant  attention. 

It  has  been  shown  that  during  infection  accompanied  by  fever  there  is 
an  increase  in  blood  pyruvate  and  lactate—'  and  a  decrease  in  serum  and 
urinary  inorganic  PO4 .  The  hyperventilation  that  accompanies  fever 
has  been  shown  to  lead  to  a  respiratory  alkalosis,  which,  in  turn, 
stimulates  both  the  conversion  of  inorganic  PO4  to  organic  PO.  and  the 
renal  reabsorption  of  PO4,  resulting  in  reductions  in  blood  and  urinary 
inorganic  PO4.  The  elevated  levels  of  pyruvate  and  lactate  during  fever 
have  been  ascribed  to  Increased  activity  of  the  glycogenelytic  and 
glycolytic  pathways,  perhaps  as  a  result  of  glucocorticoid  excess. 

It  is  planned  to  study  the  sequential  changes  in  these  parameters 
during  infection  with  Diplococcus  pneumoniae .  Preliminary  results  in 
the  rat  have  been  inconclusive,  and  it  is  planned  to  initiate  experiments 
in  monkeys.  It  is  hoped  eventually  to  follow  these  parameters  during 
infection  in  man. 

Summary ,  Part  II ; 

Infection  accompanied  by  fever  causes  increases  in  blood  pH, 
pyruvate,  and  lactate  and  a  decrease  in  inorganic  PO4  in  blood  and  urine. 

The  sequential  changes  in  these  parameters  have  not  been  established,  but 
will  be  investigated. 

Publication : 

1.  Pekarek,  R.  S.,  and  W.  R.  Beisel.  1969.  Zinc  depressing  effects 
of  endotoxin  and  leukocytic  pyrogen  in  the  rat.  Fed.  Proc.  28:691.  (Abstract) 


LITERATURE  CITED 

1.  U.  S.  Army  Medical  Unit.  1  July  1968.  Annual  Progress  Report, 
FY  1968.  p.l  to  10.  Fort  Detrick,  Maryland. 

2.  Gilbert,  V.  E.  1968.  Blood  pyruvate  and  lactate  during  febrile 
human  infections.  Metabolism  17:943-951. 
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BODY  OF  REPORT 


Project  No.  1B662706A096 :  Medical  Defense  Aspects  of  Biological  Agents  (U) 
Task  No.  1B662706A096  01:  Vulnerability  of  Man  to  Biological  Agents 
Work  Unit  No.  096  01  002:  Role  of  Hormones  in  Infectious  Disease 
Description: 

Study  the  role  of  hormones  in  the  response  of  the  host  to 
infectious  disease. 

Progress,  Part 

There  is  considerable  evidence  that  man  responds  to  a  variety  of 
physical  and  psychological  stresses  with  an  increased  secretion  of 
adrenocorticotropic  hormone  (ACTH)  and  growth  hormone  (GH) ,  but  nbt  of 
other  major  anterior  pituitary  hormones.  Further  studies,  originating 
primarily  from  this  unit,  have  demonstrated  a  similar  response  of  the 
anterior  pituitary  to  the  stress  of  acute  infection  and  the 
administration  of  bacterial  endotoxin.  However,  in  contrast  to  the 
abundant  literature  on  pituitary-adrenal  activity  during  infection,  only 
one  meaningful  report  has  been  published  detailing  GH  changes. i/  In 
order  to  characterize  as  precisely  as  possible  the  function  of  the 
hypothalamic-pituitary  axis  during  infection,  we  have  undertaken  a 
systematic  study  of  GH  metabolism  during  various  infections  in  man 
and  the  rhesus  monkey.  In  this  Initial  phase  of  the  study, basal 
plasma  growth  hormone  levels  were  measured  in  volunteers  before  and 
after  exposure  to  Venezuelan  Equine  Encephalomyelitis  Virus,  live 
attenuated  (VEE  vaccine),  type  7  adenovirus,  and  a  virulent  culture  of 
Salmonella  typhosa. 

Initial  efforts  were  directed  at  developing  a  radioimmunoassay  with 
which  to  measure  plasma  GH.  A  reliable  method  was  developed  which 
featured  both  precision  and  sensitivity  sufficient  for  the  routine  detection 
of  GH  in  quantities  as  small  as  0.03  ng  (0.03  ng/ml  plasma). 

Five  or  more  control  values  were  routinely  obtained  on  volunteers 
after  their  admission  to  the  project  wards.  These  specimens,  as  well  as 
postinfection  samples,  were  obtained  by  venipuncture  at  0800  hours  with 
subjects  in  a  fasting  and  resting  state.  The  mean  394  control  values 
from  76  subjects  was  2.3  +  0.3  ng/ml,  with  over  one-third  of  the  values 
grouped  between  0.8  and  1.2  ng/ml.  The  occurrence  of  only  16  control 
values  in  excess  of  5.0  ng/ml  indicated  that  satisfactory  conditions 
prevailed  on  the  project  wards  for  the  study  of  a  hormone  noted  for  its 
extremely  labile  secretory  patttem.  It  was  noteworthy  that  8  of  these 
16  elevations  occurred  on  the  day  of  exposure,  suggesting  that  at  least 
in  certain  subjects  the  anticipation  of  infection  may  have  been  a 
sufficient  stress  to  trigger  an  increased  release  of  GH . 
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GH  values  were  obtained  for  18  consecutive  days  in  30  volunteers 
who  received  VEE  vaccine,  and  in  10  uninfected  volunteers  who  served 
as  controls.  When  resulting  illness  was  classified  as  asyaptoHietl-C* 
mild,  or  typical  in  accordance  with  the  magnitude  of  the  febrile. response, 
and  GH  data  were  grouped  similarly,  no  signifldant  increase  in  CH 
concentration  was  noted  in  15  asymptomatic  subjects,  4  volunteers  with 
mild  early  VEE  Illness,  or  in  the  10  control  subjects.  Distinct  ist<^T9Si9es 
did  occur  in  5  subjects  with  mild  late  illness  (mean  peak  GH  7,^  n^/ml, 
with  corresponding  fever  index  of  14)  and  in  5  volunteers  with  typical 
illness  (mean  peak  GH  -  17.1  ng/ml,  with  corresponding  fever  IndejS,  of  25). 
The  initial  increase  in  GH  concentration  in  these  2  groups  CoilM^ded.  with, 
or  preceded  by  up  to  12  hr,  the  onset  of  fever;  increased  valuta  persisted 
for  the  ensuing  4  or  more  days  of  clinical  illness.  It  was  appSrSQt 
from  this  and  subsequent  studies  that  the  factor,  or  factors,  responsible 
for  stimulating  GH  secretion  in  infection  are  probably  not  operative 
during  the  incubation  stage  of  the  disease. 

GH  concentrations  were  measured  on  20  consecutive  mornings  in  23 
volunteers  who  ingested  a  type  7  adenovirus  vaccine.  They  were 
significantly  elevated  in  the  one  subject  who  developed  typlckl  Illness 
(peak  GH  -  >  10  ng/ml,  with  a  corresponding  fever  index  of  20).  The 
other  22  volunteers  were  classified  as  asymptomatic  on  the  basis  of  a 
lack  of  febrile  response  and  did  not  demonstrate  a  rise  in  plasma  G8. 

Of  particular  interest,  however,  were  8  members  of  this  group 
despite  their  lack  of  fever,  did  develop  significant  clinical  illness. 

Thus,  disabling  but  afebrile,  acute  infectious  illness  was  not  acc«»Bpanled 
by  an  increase  in  plasma  GH,  whereas  febrile  illness  was  characterized  by 
Increased  values.  Further,  peak  values  in  volunteer  groups  with  mild 
and  typical  illness  in  all  studies  reported  occurred  on  days  of  maximum 
fever,  and  the  extent  of  the  increase  in  both  individual  patients  and 
volunteer  groups  tended  to  parallel  the  febrile  response.  There  was, 
however,  no  statistical  correlation  between  GH  concentrations  at  0800 
hours  and  the  magnitude  of  fever  during  the  preceding  8  hr  (1^3;]^  0.04)  , 

suggesting  that  fever  itself  was  not  a  stimulus  to  GH  secretion. 

Fourteen  determinations  of  plasma  GH  were  obtained  on  each  of  10 
volunteers  infected  with  .S.  typhosa.  Although  the  resulting  Illness  was 
the  most  severe  and  protracted  of  the  3  infections  studied,  with 
prominent  symptoms  and  fever  persisting  for  a  week  or  longer,  GH 
concentrations  were  only  modestly  increased  in  2  patients  with  typical 
illness  (mean  peak  GH  -  7.2  ng/ml,  with  a  corresponding  fever  index  of 
37)  and  not  at  all  in  3  patients  with  mild  illness.  These  results 
were  of  particular  interest  since  the  GH  response  to  Salmonella 
endotoxin  has  also  been  reported  as  small  when  compared  to  that  of  other 
bacterial  endotoxins.  When  contrasted  with  the  GH  responses  to  VEE  vaccine. 
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the  data  suggest  that  the  magnitude  of  the  GH  response  to  various 
infections  may  be  determined  more  by  the  nature  of  the  infecting  organism 
than  by  the  severity  of  the  resulting  illness. 

Human  GH  concentrations  were  also  measured  during  experimental 
tularemia,  but  the  values  were  probably  inaccurate  because  of  prolonged 
exposure  of  the  specimens  to  room  temperature.  The  results  did  Indicate, 
however,  that  distinct  increases  in  plasma  GH  occurred  in  4  volunteers 
with  typical  Illness. 

Summary.  Part  : 

The  results  of  1380  basal  GH  determinations  in  63  volunteers 
Infected  with  VEE  vaccine,  adenovirus,  and  typhosa  are  presented. 
Increases  in  plasma  GH  occurred  in  subjects  who  developed  a  febrile 
response  to  these  infections,  whereas  afebrile  illness,  regardless 
of  its  severity,  was  only  rarely  associated  with  increased  values. 

The  increase  in  plasma  GH  usually  became  apparent  with  the  onset  of 
fever,  and  persisted  during  the  ensuring  3-7  days  of  clinical  illness. 
There  was,  however,  no  statistical  correlation  between  GH  concentrations 
and  the  magnitude  of  fever  during  the  preceding  8  hr.  Although  GH 
levels  in  patients  exposed  to  the  same  infection  tended  to  parallel 
the  severity  of  clinical  illness  for  that  group  of  patients,  the  same 
observation  could  not  be  extended  to  patients  infected  with  different 
microorganisms.  Thus,  VEE  infection  elicited  far  greater  plasma  GH 
concentrations  than  typhoid  fever,  although  the  clinical  Illness 
caused  by  VEE  was  by  comparison  much  less  severe.  These  preliminary 
results  indicate  that  the  hypothalamic-pituitary  response  to  infection 
is  far  more  complex  than  suggested  by  prior  studies  of  pituitary- 
adrenal  function  in  Infection.  They  have  also  provided  a  direction 
for  related  studies  which  will  hopefully  increase  our  understanding 
not  only  of  host  response  to  Infection,  but  also  of  basic  mechanisms 
involved  in  hypothalamic-pituitary  function. 

Progress ,  Part  II : 

The  role  of  the  thyroid  gland  in  the  response  of  the  primate  host 
to  acute  infection  has  not  been  adequately  assessed.  The  results  of 
studies  based  upon  measurement  of  the  static  concentration  of  thyroid 
hormone  in  blood  during  infection  are  difficult  to  interpret.  Although 
alterations  in  the  concentration  of  thyroid  hormone  may  occur,  such 
alterations  do  not  necessarily  imply  changes  in  the  rate  of  hormonal 
secretion,  but  may  merely  reflect  changes  in  the  thyroid  hormone-serum 
protein  interaction  or  changes  in  peripheral  hormonal  metabolism  or 
both  during  infection.  Furthermore,  owing  to  the  large  extrathyroidal 
pool  of  hormone,  small  changes  in  hormonal  secretion  may  not  be 
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detectable  by  measuring  the  concentration  of  hormone  in  blood.  Similarly, 
the  results  of  studies  based  upon  epithyroid  counting  following  the 
injection  of  radioactively  labeled  inorganic  iodide  are  open  to  the 
criticism  that  this  technique  does  not  discriminate  between  the  release  of 
radioactively  labeled  iodide  arising  from  intrathyroidal  deiodination  and 
the  release  of  radioactively  labeled  hormone.  Consequently,  a  technique 
is  presently  being  employed  which  permits  concurrent  assessment  of 
alterations  in  the  rate  of  secretion  of  thyroid  hormone  Itself  and 
alterations  in  the  kinetics  of  peripheral  hormonal  metabolism.  This 
technique  which  is  being  performed  in  the  rhesus  monkey  involves  the 
injection  of  2  radioisotopes  of  iodine,  inorganic  125i  to  label  the  thyroid 
gland,  thereby  producing  endogenously  synthesized  ^25j_]^g^]3eled  thyroid 
hormone,  and  l3li_iabeled  thyroxine  to  label  the  peripheral  hormonal  pool. 

The  concentrations  in  serum  of  endogenously  labeled  thyroid  hormone , 
reflecting  both  hormonal  secretion  and  metabolism,  and  exogenously 
labeled  thyroxine,  reflecting  hormonal  metabolism  alone,  are  then  measured 
daily  before  and  during  experimentally  induced  infection.  Preliminary 
observations  with  this  technique  suggest  that  the  rate  of  hormonal  secretion 
increases  remarkably  during  pneumococcal  infection. 

Summary.  Part  II; 

,  A  double  Isotope  tracer  technique  is  being  employed  in  the  rhesus 
monkey  to  study  alterations  in  thyroid  hormone  economy  during  infection. 
Preliminary  observations  suggest  an  increase  in  the  rate  of  thyroid  hormone 
secretion  during  experimentally  induced  pneumococcal  infection. 

Progress.  Part  III; 

The  interaction  of  thyroxine  with  its  binding  proteins  in  serum 
conforms  to  a  reversible  binding  equilibrium  in- which  most  of  the  hormone 
is  bound  and  only  an  exceedingly  small  proportion  (about  0.03%)  is  unbound  or 
free.  The  free  hormone  is  thought  to  be  the  metabolically  active  component 
available  to  the  tissues.  During  illness,  the  proportion  of  free  hormone 
Increases  greatly  and  this  increase  has  been  ascribed  to  the  decrease  in  the 
binding  capacity  of  thyroxine-binding  prealbumin  that  accompanies  illness. 
Recent  work,  however,  has  indicated  that  thyroxine-binding  prealbumin 
binds  only  a  small  proportion  of  the  total  thyroxine  in  human  serum  and 
therefore  cannot  account  for  the  increase  in  the  proportion  of  free  hormone 
that  occurs  during  illness.— ^ 

It  is  therefore  planned  to  study  by  means  of  reverse-flow  electro¬ 
phoresis  the  distribution  of  thyroxine  among  its  binding  proteins  in  serum 
collected  from  human  subjects  before,  during,  and  after  experimentally- 
induced  infections. 


Summary .  Part  III ; 


The  thyroid  hormone-protein  interactions  in  serum  will  be  studied 
during  experimentally  induced  infection  in  human  subjects. 

Presentations ; 

1.  Winnacker,  J.  L. ,  W.  R.  Beisel,  and  M.  I.  Rapoport.  Growth 
hormone  responses  to  acute  infection.  Presented  at  The  Endocrine 
Society,  27-29  June  1969,  New  York,  N.  Y. 

Publications: 

1.  Beisel,  W.  R.,  K.  A.  Woeber,  P.  J.  Bartelloni,  and  S.  H. 

Ingbar.  1968.  Growth  hormone  response  during  sandfly  fever.  J.  Clin. 
Endocr.  28:  1220-1223. 

2.  Beisel,  W.  R. ,  and  M.  I.  Rapoport.  1969.  Interrelationships 
between  adrenocortical  functions  and  infectious  Illness.  New  Engl.  J. 
Med.  280:  541-546,  596-604. 
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2.  Woeber,  K.  A.,  and  S.H.  Ingbar.  1968.  The  contribution  of 
thyroxine-binding  prealbumin  to  the  binding  of  thyroxine  in  human  serum, 
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23.  (U)  To  study  serial  changes  in  tissue  enzyme  systems  during  the  course  of  experi¬ 
mental  infections. 

24.  (U)  Tryptophan  tolerance  tests  are  performed  serially  in  individuals  in  whom  infec¬ 
tions  have  been  experimentally  induced,  in  order  to  study  the  activity  of  hepatic 
tryptophan  pyrrolase  (TP).  Urinary  diazo  reactants  and  kynurenlne  pathway  metabolites 
are  measured.  Since  maternal  and  fetal  tyrosine  transaminase  (TT)  activities  are  sensi¬ 
tive  to  different  stimuli,  the  pregnant  female  rat  is  used  as  a  model  system  to  separate 
different  factors  responsible  for  the  rise  in  TT  activity  during  infection. 

25.  (U)  68  07  -  69  06  -  During  t3T)ical  acute  typhoid  fever,  the  excretion  of  diazo 
reactants  and  some  kynurenlne  pathway  metabolites  after  a  tryptophan  load  was  greatly 
increased  over  control  or  incubation  period  values.  Similar  changes,  though  of  smaller 
magnitude,  were  observed  during  other  infections.  Changes  were  rarely  seen  during  the 
incubation  period  and  usually  reverted  to  normal  early  in  convalescence.  Diurnal 
periodicity  of  the  k3murenine  pathway  persisted  during  Infection. 

Preliminary  studies  have  indicated  the  suitability  of  using  the  pregnant  female  rat 
as  a  model  to  study  factors  that  control  TT  activity  during  infection. 

Extensive  studies  using  oral  tyrosine  tolerance  tests  in  man  indicated  that  the  test 
results  and  diurnal  rhythmicity  of  this  amino  acid  are  easily  influenced  by  the  timing 
and  content  of  dietary  intake  but  not  by  steroid  administration  or  bacterial  infection. 
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BODY  OF  REPORT 


Project  No.  1B662706A096:  Medical  Defense  Aspects  of  Biological  Agents  (U) 
Task  No.  1B662706A096  01:  Vulnerability  of  Man  to  Biological  Agents 
Work  Unit  No.  096  01  003:  Tissue  Enzyme  Changes  in  Infections  Diseases 
Description: 

To  study  serial  changes  in  tissue  enzyme  systems  during  the  course  of 
experimental  infections. 

Progress .  Part 

Previous  work  was  continued  concerning  serial  dianges  In  hepatic 
tryptophan  pyrollase  (TP)  activity  during  induced  infections  in  man. 

This  work  was  a  joint  effort  with  Drs .  Morton  I.  Rapoport  and 
Richard  B.  Homick,  Department  of  Medicine,  University  of  Maryl^d 
School  of  Medicine,  Baltimore,  Maryland  (Contract  DA49-l93-l®-2867) . 
Earlier  studies  in  experimental  animals  demonstrated  induction  of 
hepatic  TP  during  acute  infectious  illness .ii^/  Since  this  enzyme 
had  a  circadian  periodicity  in  animals  and  since  a  circadian 
periodicity  of  tryptophan  metabolism  could  be  demonstrated  in  man, 
it  was  reasoned  that  altered  enzyme  activity  cpuld  be  studied  in  man 
by  an  indirect  means,  i.e.  by  measuring  tryptophan  metabolism  after 
a  3  gm  oral  tryptophan  load.  Complete  serial  studies  have  now  been 
accomplished  in  a  total  of  40  volunteers  in  studies  of  tularemia  and 
sandfly  fever  at  USAMRIID  and  typhoid  fever  and  Rocky  Mountain  spotted 
fever  (RMSF)  at  the  University  of  Maryland. 

With  the  exception  of  sandfly  fever,  a  mild  self-limited  Illness, 
all  patients  developing  symptoms  of  induced  Infection  were  treated 
promptly  with  the  appropriate  antibiotic;  no  complications  were 
encountered.  Patients  with  tularemia  and  sandfly  fever  generally 
developed  illness  within  3-4  days.  Their  total  period  of  fever  and 
symptoms  was  seldom  more  than  3  days.  On  the  other  hand,  typhoid  fever 
was  characterized  by  a  longer,  less  predictable  duration  of  incubation, 
7-20  days  in  length.  The  subsequent  illness  in  this  study  was  of  low 
toxicity  although  patients  were  symptomatic  for  approximately  5-7  days. 

A  live  attenuated  vaccine  strain  was  used  in  tularemia  studies;  in  the 
typhoid  fever  studies,  a  monovalent,  enteric  coated,  acetone-killed  and 
dried  oral  vaccine  of  the  Fy  2  strain  was  used  in  a  dose  of  2  tablets 
per  day  for  3  days. 

In  the  RMSF  studies,  a  commercial  killed  vaccine  (Lederle 
Laboratories)  was  employed  in  3  weekly  1— ml  doses .  The  volunteers 
were  inoculated  4-6  months  later  by  the  intradermal  administration  of 
10  median  guinea  pig  intraperitoneal  infectious  doses  (GPIPIDjq)  of 
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Sheila  Smith  strain  of  Rickettsia  rickettsi.  Incubation  periods  ranging 
from  6-10  days  were  followed  by  fever,  headache,  and  myalgia,  with  an 
exanthem  of  the  trunk  and  extremities  appearing  on  the  2nd  or  3rd  day  of 
fever.  Symptomatic  illness  responded  promptly  to  chloramphenicol, 
doxycline,  or  tetracycline  therapy. 

Each  individual  was  studied  with  a  series  of  tryptophan  tolerance 
tests  which  included  control  and  postexposure  measurements.  These  tests  were 
conducted  at  1800  hours,  a  time  of  day  when  normal  functional  activity  of 
the  kynurenine  pathway  is  low.  In  addition,  diurnal  influences  were  studied 
by  dividing  the  RMSF  volunteers  into  2  groups  for  testing  at  0600  or  1800 
hours . 

In  general,  studies  during  incubation  failed  to  reveal  any  appreciable 
change  from  control  period  observations.  Occasional  subjects  in  the  typhoid 
and  RMSF  groups  did  show  an  increased  excretion  of  total  diazo  reactants, 
kynurenine,  kynurenic  acid  and/or  3— OH -kynurenine.  In  several  instances 
these  Individual  changes  were  reflected  by  significant  increases  In  the 
group  average. 

No  consistent  variation  or  trend  was  noted  in  values  of  the  subjects 
who  remained  asymptomatic  after  exposure  to  Pasteurella  tularensls;  this 
suggested  that  test  values  were  not  altered  systematically  by  the 
administration  of  3.0  gm  tryptophan  on  4  consecutive  days.  No  apparent 
change  was  noted  in  the  2  sham-exposed  subjects  in  the  sandfly  fever  study. 

The  excretion  of  diazo  reactants  and  kynurenine  pathway  metabolites 
during  illness  was  consistently  increased  above  control  or  incubation 
period  values  when  tolerance  tests  were  performed  in  the  morning.  These 
increases  were  greatest,  by  far,  in  subjects  with  typical  typhoid  fever; 
intermediate  in  those  with  mild  typhoid  fever,  sandfly  fever,  and  RMSF; 
and  least  in  those  with  symptomatic  tularemia.  Average  values  became  higher 
as  Illness  progressed  in  the  typical  typhoid  fever  group.  Because  tryptophan 
tolerance  tests  were  conducted  only  during  days  of  incubation  or  early 
symptoms  in  subjects  exposed  to  P. . tularensls .  the  time  of  maximal  increases 
in  diazo  excretion  may  have  been  missed  in  more  than  half  of  the  symptomatic 
Individuals.  This  fact,  along  with  the  relative  mildness  of  Illness  in 
other  members  of  the  symptomatic  tularemia  group  may  account  for  the  rel¬ 
atively  small  Increase  in  their  excretion  of  diazo  reactants.  These  data, 
in  combination,  suggested  that  increased  diazo  excretion  was  not  related 
directly  to  the  etiology  of  infection  but  seemed  instead  to  increase 
proportionally  in  magnitude  to  the  severity  of  Illness.  Such  a  correlation 
was  highly  significant  (p  <  0.001)  for  diazo  excretion.  Because  of  the 
small  number  of  subjects  and  the  relatively  homogeneous  clinical  response 
within  each  group,  significant  correlations  with  fever  were  not  evident 
for  individual  diseases. 
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When  the  individual  excretory  products  of  tryptophan  were 
analyzed  in  a  manner  similar  to  that  recorded  above,  kynurenine  and 
xanthurenic  acid  excretion  were  each  found  to  correlate  with  fever 
with  a  significance  equivalent  to  that  of  the  total  diazo  reactants. 
Correlation  with  fever  was  good  when  3-OH-kynurenine  was  considered 
(p  <  0.01),  minimal  with  o-amino  hippuric  acid  excretion,  and  non¬ 
significant  with  respect  to  kynurenic  acid  or  anthranilic  acid 
glucuronide  excretion. 

Analysis  of  simultaneously  excreted  products  of  tryptophan 
metabolism  in  each  tolerance  test  allowed  an  examination  of  the 
possibility  that  branches  of  the  kynurenine  pathway  mi^t  be 
influenced  differently  by  infectious  illness  or  by  specific  etiologies 
of  infection.  A  2-  to  4-fold  increase  of  all  metabolites  was 
detected  most  frequently.  If  data  from  typical  typhoid  fever  patients 
were  omitted,  a  lack  of  clearcut  differences  in  the  magnitude  of 
increment  among  the  individual  metabolites  suggested  that  the  increased 
metabolism  of  tryptophan  involved  all  kynureneine  pathways.  Such  an 
observation  could  result  from  an  increased  activity  of  TP. 

Consideration  of  the  disproportionately  large  increases  of  kynurenine, 
xanthurenic  acid  and  o-aminohippuric  acid  excretion  in  subjects  with 
typical  typhoid  fever  suggested, , in  addition,  that  a  greater 
utilization  of  the  pathway  (in  the  face  of  a  greater  and  more  pro¬ 
tracted  illness)  had  allowed  several  more  distal  branch  pathway  enzymes 
to  become  rate-limiting. 

Further  information  was  gained  by  comparing  the  results  of  tolerance 
tests  conducted  in  the  morning  and  evening.  The  course  of  RMSF  was  of 
equivalent  clinical  severity  in  both  groups  so  that  evaluation  of 
these  data  was  not  obscured  by  differences  in  either  the  etiology  or 
severity  of  illness.  There  was  an  Increase  above  morning  control  values 
in  the  urinary  excretion  of  total  diazo  reactants  and  all  kynurenine  path 
way  metabolites  with  the  exception  of  kynurenic  acid.  While  an  illness- 
related  increase  was  typical  of  both  morning  and  evening  tests,  these 
data  make  it  clear  that  excretion  during  the  latter  test  period  of 
kynurenine  pathway  metabolites  at  the  height  of  illness  was  generally 
below  the  control  period  values  for  the  former,  and  therefore  far 
below  them  during  illness.  Thus,  diurnal  periodicity  of  this  pathway 
was  found  to  continue  during  the  course  of  infectious  Illness  even 
though  it  was  modified  by  the  generally  greater  activity  associated 
with  fever  and  symptoms. 

During  convalescence,  loading  tests  were  characterized  by 
reduction  in  excretion  of  k3murenine  pathway  metabolites  to  or  toward 
values  observed  during  the  control  period. 
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Summary.  Part  I.: 

Augumented  urinary  excretion  of  diazo  reactants  during  Infections 
in  man  is  thought  to  reflect  an  altered  metabolism  of  tryptophan. 

Correlation  between  excretion  of  tryptophan  metabolites  and  activity  of 
hepatic  TP  has  been  established.  To  detail  this  relationship  and  its 
significance  during  infection,  tryptophan  loading  ,,, 

serially  in  individuals  in  whom  typhoid  fever,  RMSF,  tularemia,  and  ®®«  J 
fever  had  been  experimentally  induced.  These  investigations 
ancillary  to  well  controlled  evaluations  of  vaccine  efficacy.  Following 
Sf  orarad^inistration  of  3  gm  of  tryptophan,  urinary  diazo  reactants  and 
individual  kynurenine  pathway  metabolites  were  measured.  Typical  awte 
typhoid  fever  produced  8-  to  10-fold  increases  in  diazo  reactants  and  the 
Jjority  of  pathway  metabolites.  Similar  changes  of  s^naller 
were  observed  during  mild  typhoid  fever  and  in  the  other  infective. 
Kynurenine  pathway  augumentation  appeared  to  Parallel  the  severi^  o 
Illness.  Rarely  did  changes  develop  during  the  incubation  period,  and 
reversion  to  normal  values  generally  were  observed  early  in  convalescence. 
Utilization  of  this  pathway  appeared  to  maintain  a  diurnal  rhythmic!  y 
despite  the  presence  of  acute  infectious  illness. 

Progress.  Part  II ; 

Previous  studies  from  this  unit  have  demonstrated  that  tyrosine 
transaminase  (TT)  activity  in  the  liver  of  the  rat  has  a  ^  ^ 

and  that  during  experimentally  produced  pneumococcal  infection  TT  activity 
S;  the  liver  is  increased.!^/  As  both  the  circadian  rhythm  and  the  rise 
following  infection  were  abolished  in  adrenalectomized  rats  it  has  been 
suggested  that  the  changes  observed  were  controlled  by  the  amot^t  o 
gluLcorticoid  hormone  secreted.  However,  because  of 

the  metabolic,  endocrine,  and  biochemical  responses  Infection, 

additional  important  control  mechanisms  may  have  been  overlooked,  especially 
if  their  effects  depend  on  the  presence  of  glucocorticoid  hormones.  In 
irder  to  overcome  this  difficulty,  the  effect  of  experimentally  Produced 
pneumococcal  infection  on  hepatic  TT  activity  in  pregnant  female  rats  ^d 
?helr  fetuses  will  be  studied.  The  liver  of  the  fetal  rat  appears  unique 
in  that  glucocorticoid  hormones  do  not  increase  the  activi  y  • 

However  fetal  TT  can  be  Increased  by  a  number  of  other  hormones  and 

which  arc  known  to  Increase  TT  activity  in  the  liver  of 
the  adult  rat.  Thus,  if  hepatic  TT  activity  of  the  fetus  were  to  be 
Increased  during  experimentally  produced  pneumococcal  infection  in  the 
irtSrrt  Lld*be^ue  to  factors  other  than  the  Increase  in  gl^tocorticoid 
hormone  secretion.  An  additional  advantage  of  this  model  is  that  liver 
tissue  from  the  fetal  rat  can  be  cultured  easily.  Thus,  it  is  possibl 
to  llldy  the  effects  observed  in  ^  in  a  precisely  controlled  in  vitro 

system. 
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Preliminary  studies  have  been  done  to  determine  the  activity  of  TT 
in  the  100,000  x  supernatant  fraction  from  livers  of  15- ,  17- ,  and  20- 
day  old  pregnant  rats  and  their  fetuses.  Maternal  TT  activity  was  found 
to  be  approximately  25  times  greater  than  fetal  TT  activity.  In 
addition  the  maternal  TT  activity  was  found  to  be  greater  at  2200 
than  at  1000  hours  which  is  in  agreement  with  the  findings  of  Shambaugh 
et  al.  3/  The  fetal  TT  activity  showed  no  evidence  of  circadian 
periodicity,  which  is  in  agreement  with  published  findings  that  fetal 
TT  activity  is  not  stimulated  by  glucocorticoid  hormones  jji  vivo. 

Organ  cultures  of  fetal  liver  tissue  have  been  maintained  for  periods 
up  to  48  hr  and  preliminary  experiments  have  been  carried  out  to 
determine  the  ability  of  varying  concentrations  of  hydrocortisone  to 
increase  the  TT  activity  of  isolated  fetal  liver  explants. 

Summary,  Part  II; 

Preliminary  studies  have  been  carried  out  and  confirm  the 
suitability  of  using  the  pregnant  female  rat  as  a  model  to  study  the 
factors  that  control  TT  activity  during  experimentally  Induced 
pneumococcal  infection. 

Progress,  Part  III ; 

Oral  tyrosine  tolerance  tests  were  employed  to  study  tyrosine 
metabolism  in  healthy  and  infected  volunteers  (Medical  Division 
Project  FY  68-6) .  The  selection  of  this  procedure  was  prompted  by 
experience  with  a  tryptophan  tolerance  test  which  demonstrated  a 
characteristic  diurnal  variation  in  tryptophan  metabolism  in  normal 
subjects,  and  distinct  changes  during  infection.  The  tyrosine 
tolerance  test  was  performed  by  measuring  tyrosine  in  heparinized 
plasma  obtained  prior  to,  and  0.5,  1.5,  4.5  and  6  hr  following  the 
administration  of  3.5  gm  of  L-tyrosine  to  fasting  subjects. 

The  following  studies  were  obtained  on  12  healthy,  hospitalized 
volunteers:  (1)  Tyrosine  tolerance  tests  in  different  subjects 
beginning  at  4  hour  Intervals  throughout  the  day;  (2)  Tolerance  tests 
at  0400  and  0800  hours  in  subjects  who  had  ingested  2.0  mg  of 
dexamethasone  for  2  days;  and  (3)  Tolerance  tests  at  0400  and  0800 
hours  simultaneously  with  the  ingestion  of  breakfast.  Hourly  plasma 
samples  were  obtained  throughout  the  day  to  determine  normal  plasma 
tyrosine  periodicity.  Although  initial  studies  had  suggested  differences 
between  tyrosine  tolerance  values  obtained  during  the  0400-  and  0800- 
hour  tests,  there  was  no  evidence  in  the  completed  study  that  the  time 
of  tyrosine  administration  significantly  altered  tyrosine  tolerance. 
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Tests  perforaed  after  steroid  administration  at  both  0400  and  0800  hours 
revealed  tyrosine  values  which  were  virtually  identical  with  control  values. 
The  primary  effect  of  eating  a  regular  meal  at  the  time  of  the  tyrosine 
loading  was  to  elevate  the  values  obtained  during  the  last  3  hr  of  the  test. 
The  initial  curve  was  not  affected.  Plasma  collected  with  volunteers  in  a 
fasting  state  when  tyrosine  was  withheld  revealed  significantly  higher 
tyrosine  concentrations  between  2400  and  1000  hours  than  during  the  rest 
of  the  day,  a  result  contrary  to  that  obtained  at  other  times  in  this 
and  other  laboratories. 

Tyrosine  tolerance  tests  were  also  performed  on  8  volunteers  eKposed  to 
Pasteurella  tularensls  (2  who  developed  typical  illness,  3  with  mild  illness, 
and  3  with  asymptomatic  responses) .  Each  volunteer  underwent  4  tests  at 
0800  hours:  (1)  one  day  prior  to  exposure,  (2)  one  day  after  exposure, 

(3)  during  clinical  illness,  and  (4)  during  convalescence.  There  was  no 
evidence  from  these  studies  of  a  consistent  effect  of  infection  pn  the 
normal  pattern  of  tyrosine  tolerance.  These  studies,  in  toto  suggest 
that:  (1)  Diurnal  variation  in  plasma  tyrosine  is  probably  strongly 
influenced  by  both  the  timing  and  content  of  prior  food  intake,  a  factor 
not  adequately  evaluated  in  our  studies;  (2)  The  simultaneous  ingestion  of 
food  and  tyrosine  significantly  affects  subsequent  plasma  tyrosine  tolerance 
test  values;  (3)  Tyrosine  tolerance  at  0400  and  0800  hours  is  not  altered 
by  pretreatment  with  corticosteroids  in  doses  sufficient  to  abolish  the 
normal  circadian  rhythm  of  adrenal  steroids  (providing  indirect  evidence 
that  the  corticosteroid-induced  enz3nne,  tyrosine  transaminase,  is 
probably  not  a  major  factor  determining  the  pattern  of  tyrosine  tolerance) ; 
and  (4)  Acute  bacterial  infection  does  not  consistently  alter  tyrosine 
tolerance  in  man. 

Summary.  Part  III : 

Extensive  studies  using  oral  tolerance  tests  in  man  indicate  that  the 
test  results  and  diurnal  rhythmicity  of  this  amino  acid  are  easily 
influenced  by  the  timing  and  content  of  dietary  Intake,  but  not  by  steroid 
administration  or  bacterial  infection. 

Presentation: 

1.  Rapoport,  M.  I.,  W.  R.  Beisel,  R.  B.  Hornick,  M.  J.  Snyder, 
and  B.  Crevey.  Altered  tryptophan  metabolism  in  Salmonella  infections, 
presented  at  Federation  of  American  Societies  for  Experimental  Biology, 
Atlantic  City,  N.  J.  13-18  April  1969. 
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Project  No.  1B662706A096:  Medical  Defense  Aspects  of  Biological  Agents  (U) 
Task  No.  1B662706A096  01;  Vulnerability  of  Man  to  Biological  Agents 
Work  Unit  No.  096  01  005:  Evaluation  of  Normal  Colony  Animals 
Description; 

Obtain  clinical  pathological  baseline  values  and  establish  patterns  of 
disease  in  normal  colony  animals. 


Progress.  Part  I: 

During  the  past  year,  we  have  continued  to  collect  data  from  the  colony 
animals  on  normal  blood  values,  parasitic  infestations  and  disease  patterns. 

Monkeys  -  The  following  table  represents  hematologic  data  on  374  rhesus 
monkeys  (kcaca  mulatta)  received  during  PY  1969.  These  data  were  obtained 
and  analyzed  using  the  same  procedures  and  techniques  as  reported  previous- 
ly In  investigating  sex-related  differences,  a  higher  percentage  of  neu- 
trophiles  was  found  in  females  maintained  in  a  mixed  population  of  monkeys 
as  compared  to  females  in  an  entirely  female  population.  Further  studies  are 
in  progress  to  determine  if  this  is  hormonal  or  environmental. 

Limited  data  are  available  on  total  protein,  albumin  and  albumin/globulin 
ratio. 

Qualitative  fecal  examinations  using  the  ether- formalin  concentration 
method  showed  a  457,  incidence  of  nonpathogenic  protozoan  cysts,  the  majority 
being  Entamoeba  coli.  It  was  also  found  that  157,  had  some  type  of  nematode 
ovum  but  1  group  had  a  767,  incidence,  accounting  for  much  of  the  15/,.  Oe- 
soph^gostomum  and  Strongyloides  were  the  2  most  common  parasites.  Three 
fluke  ova  were  detected  during  the  year.  ^ 

During  the  year,  no  positive  reactors  were  detected  from  1,666  intrapal- 
pebral  tuberculin  tests;  12.87,  of  the  monkeys  received  were  serologically 
positive  for  staphylococcal  enterotoxin  B  (SEB),  as  compared  to  9.3/,  during 
FY  1968;  and  approximately  400  monkeys  were  smallpox-vaccinated . 

Gastrointestinal  infection  continued  to  be  the  main  disease  in  the  colony 
monkeys  with  an  overall  incidence  of  577,.  One-third  of  these  had  hemorrhage 
gastroenteritis  with  Shigella  flexneri  4  being  isolated  from  nearly  half  the 
hemorrhagic  cases;  the  same  species  was  isolated  from  only  3.  nonhemorrhagic 
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cases.  Surveys  in  our  colony  have  shown  that  a  significant 
monkeys  carry  this  bacterial  pathogen  asymptomatically. 

TABLE  I.  RESULTS  OF  1122  BLEEDINGS  ON  374  MEDICAL  RESEARCH 
MONKEYS. 

percentage  of 

INSTITUTE  RHESUS 

VARIABLE 

UNITS 

MEAN  +  1  SD 

Leukocytes 

2 

no. /mm 

10,732  +  3,000 

Neutrophils 

3 

no. /mm 

3,820  +  1,700 

Lymphocytes 

no . /mm^ 

6,610  +  2,100 

Monocytes 

3 

no. /mm 

112  +  166 

Eosinophils 

3 

no. /ram 

191  +  261 

Basophils 

Q 

no.  /mm"^ 

23  +  49 

Packed  cell  volume 

% 

40.7  +  2.5 

Hemoglobin 

gm/100  ml 

13.3+0.9 

Blood  urea  nitrogen 

mg/ 100  ml 

18.0  +  3.5 

Serum  transaminase 

glutamic  oxalacetic 

Sigma-Frankel 

34.5  +  18.0 

glutamic  pyruvic 

Sigma-Frankel 

30.0  +  10.2 

Alkaline  phosphatase 

Bodansky 

18.6  +  6.6 

Weight  gain  studies  indicate  decreased  rate  of  gain  during  the  first  30 
days  of  colony  residence,  presumably  due  to  enteritis. 


Eauines  and  Canines.  -  Each  animal  was  screened  at  least  once  during  the 
past  year  for  blood  values  and  several  times,  as  indicated,  for  parasites. 
Strongylus  sp.  continued  to  be  common  in  the  ponies  and  burros  while  Toxocara 
canis  was  a  problem  in  several  litters  of  puppies. 

Goats.  -  Contagious  ovine  ecthyma  (CE)  was  diagnosed  clinically  in  6  goats 
acqui?id”f rom  a  local  supplier;  serologic  tests  and  viral  isolation  have  been 
done  to  confirm  the  diagnosis.  The  goat  with  the  most  severe  clinical  disease 
developed  a  1:64  complement  fixation  titer  to  CE. 
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Summary.  Part  I; 

Hematologic  data  is  presented  on  USAMRIID  monkeys.  Gastroenteritis  re¬ 
mains  the  most  common  disease,  in  the  monkey  colony.  Screening  for  parasites 
revealed  similar  conclusions  as  FY  1968.  Contagious  ovine  ecthyma  was  di¬ 
agnosed  clinically  and  confirmed  serologically  in  the  goats. 

Progress.  Part  II; 

t 

Rectal  swabs  from  AO  rhesus  monkeys  (M.  mulatta)  were  cultured  over  a 
3-mon  period  from  11  Nov  68  -  27  Jan  69.  Prior  to  this  time,  these  monkeys 
had  been  conditioned  a  minimum  of  3  mon  at  the  Fort  Detrick  animal  farm  and 
a  minimum  of  30  days  at  the  USAMRIID  animal  holding  area.  Rectal  swabs  were 
obtained  twice  weekly  regardless  of  the  health  of  the  animal. 

Rectal  swabs  were  inoculated  directly  onto  EMB  and  xylose- lysine-deoxy- 
cholate  agar  plates.  The  swabs  were  then  placed  in  selenite  broth  for  over¬ 
night  incubation,  which  was  then  streaked  onto  SS  agar.  Selenite  broth  was 
eliminated  midway  through  the  project  and  swabs  were  inoculated  directly  onto 
SS  agar. 

Colonies  were  identified  and  recorded  with  special  attention  given  to 
possible  Salmonella  and  Shigella  types.  Suspect  colonies  were  selected  and 
transferred  to  Kligler's  iron  agar  (KIA),  and  all  colonies  producing  H2S 
were  transferred  from  KIA  to  urea  agar  for  elimination  of  Proteus .  No  Salmo¬ 
nella  were  isolated. 

Organisms  with  typical  Shigella  reactions  on  KIA  were  inoculated  into 
indol,  methyl  red,  Voges-Proskauer ,  citrate,  motility  and  KCN  media.  Suspect 
organisms  were  then  serotyped  with  Shigella  antisera  and  confirmed  with  fur¬ 
ther  biochemical  studies. 

Suspicious  organisms  that  had  a  positive  KCN  reaction  were  retained  for 
further  identification.  Identification  is  still  in  progress^. 

To  date  S.  f lexnerL  4  has  been  identified  from  15  of  the  40  monkeys.  Of 
these  15,  12  were  clinically  healthy  at  the  time  of  recovery  of  Shigella, 
while  3  were  from  monkeys  with  enteritis. 

Suitunary.  Part  II: 

A  screening  study  for  enteric  pathogens  was  conducted  on  40  conditioned 
monkeys  over  a  3-mon  period.  Fifteen  of  the  40  animals  had  one  or  more  iso¬ 
lations  of  _S.  flexneri  4  during  this  period,  3  of  which  were  clinically  af¬ 
fected  with  enteritis  at  the  time  of  culture. 
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Progress  and  Summary,  Part  III: 

Four  monkeys,  6  dogs,  and  1  horse  were  necropsied  during  the  past  fiscal 
year.  Table  II  summarizes  the  findings. 

TABLE  II.  CAUSES  AND  DISTRIBUTION  OF  11  COLONY  ANIMAL  DEATHS. 


ANIMAL 

CAUSE 

DISTRIBUTION 
OF  CASES 

Horse 

Equine  infectious  anemia  (presumptive) 

1 

Monkey 

Aborted  fetus,  etiology  unknown 

1 

Acute  gastric  dilatation 

z 

Enteritis,  bacterial 

1 

Dog 

Traumatic  fracture  of  spine  with  compression 

1 

of  spinal  cord 

1 

Ascariasis,  with  occlusion  of  bile  duct 

1 

Undetermined  (newborn  pups) 

4 
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23.  (U)  Study  changes  in  amino  acids  and  proteins  in  blood  in  infectious  disease  or 
^  In  conditions  induced  by  other  variables, 

I  24.  (U)  A  qualitative  technique  modified  for  the  semiquantitative  analysis  of  amino 
I  acids  from  small  whole  blood  samples  is  applied  to  samples  obtained  from  subjects  with 
I  a  variety  of  experimentally  induced  infections.  A  rapid  quantitative  electrophoretic 
method  is  used  to  measure  serum  proteins  in  plasma  or  serum. 

25.  (U)  68  07  -  69  06  -  Studies  to  determine  whole  blood  amino  acid  changes  during  the 
course  of  infection  with  various  microorganisms  in  man  have  been  continued  and  previous¬ 
ly  reported  data  have  been  more  thoroughly  analyzed.  Yellow  fever  vaccination  resulted 
in  disturbances  of  normal  amino  acid  periodicity  which  occurred  in  the  absence  of 
clinical  symptoms.  In  volunteers  administered  VEE  vaccine,  neither  the  circadian 
periodicity  nor  the  concentration  of  the  amino  acid  proline  was  altered.  Chlorampheni¬ 
col,  an  antibiotic  which  has  been  shown  to  readily  inhibit  protein  synthesis  in  micro¬ 
bial  systems  but  to  have  little  effect  in  most  maimalian  systems,  was  shown  to  produce 
statistically  significant  changes  in  whole  blood  amino  acids  in  humans. 

Prior  studies  on  serum  proteins  were  reported  under  Work  Unit  096  01  001.  A  rapid 
quantitative  electrophoretic  method  for  simultaneously  measuring  serum  proteins,  glyco¬ 
proteins,  and  lipoproteins  has  been  developed.  Some  of  the  changes  that  occur  as  a 
result  of  infection  appear  to  be  sufficiently  specific  to  warrant  their  consideration 
as  diagnostic  indicators. 

Publications:  Metabolism  17:764-775,  1968;  Amer.  J.  Clin.  Path.  50:137-141,  1968. 

Nature  221:94-95,  1969;  Arch.  Intern.  Med.,  In  press. 


DD.  FORM  J498-1  (FOR  A  RMY  VS  E) 


37 


JODjDPGf 


BODY  OF  REPORT 


Project  No.  1B662706A096 :  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No.  1B662706A096  01:  Vulnerability  of  Man  to  Biological  Agents 

Work  Unit  No.  096  01  009:  Amino  Acid  and  Protein  Changes  in  Blood  in 

Infectious  Disease  or  Conditions  Induced  by 
Other  Variables 


Description: 

To  study  changes  in  amino  acids  and  proteins  in  blood  in  infectious 
disease  or  induced  by  other  variables. 

Progress.  Part  I: 

Studies  to  determine  whole  blood  amino  acid  changes  during  the  course  of 
infection  with  various  microorganisms  in  man  have  been  continued,  and  pre¬ 
viously  reported  data^~ ■  have  been  more  thoroughly  analyzed. 

2/ 

One  of  the  amino  acid  standards  used  was  described  last  year-t  use  of 
such  a  mixed  amino  acid  standard  has  continued,  with  the  current  distribution 
of  acids  as  follows: 

mg/100  ml 


Lycine  monohydrochloride 

34 

Glycine 

25 

Glutamic  Acid 

15 

Alanine 

15 

a-Amlno  Butyric  Acid 

11 

Valine 

11 

Leucine 

12 

The  other  standard  formulated  in  this  laboratory  consists  solely  of  proline  at 
a  concentration  of  10.8  mg/100  ml. 


Reexamination  was  carried  out  on  results  from  previous  stvidies  involving 
amino  acid  determinations. 

Yellow  Fever  Vaccination  with  17D  Strain  (Medical  Division  Projects 
FY  67-4,  67-5,  68-1).  With  the  use  of  improved  standards  some  correction  was 
required  for  results  presented  before.ii^'  xhe  18  immunized  men  and  1  of  4 
controls  exhibited  altered  diurnal  rhythmicity  within  12-48  hr  of  injection. 
It  had  been  stated  previously  that  this  change  was  apparent  within  30  min. 
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When  men  were  iemivmlred  at  0800  hr  rhythmicity  was  ^ff^ted  in  24-^ 
iniection  occurred  at  2000  hr,  the  affect  was  apparent  ^  2A  hr.  The^ reversal 
lasted  for  5-10  days;  it  had  been  said  before  that  the  duration  was  for  as 
long  Ib  5  days.  In  the  3rd  study  (FY  68-1)  only  occasional  alterations  of 
amino  acid  rhythmicity  were  noted  in  7  of  12  immunized  men. 

VP.nezuelan  Equine  Encephalomyelitis  Virus  Vaccine.  Live,  Attenuated,  Lot._6^ 
Immunization  (VEE^VacciMl  (Medical  Division  Project  FY  68-8).  ^It  l^as^been 
postulatedi^  that  there  ^s  VEE  vaccine-induced  inhibition  of  f  ® 
glutamine  synthetase  in  man.  Because  of  the  potential  value  of  this  postulation, 
tTlTZ  wL  repeated  and  reported  in  part  last  year.l/  Results  were  con¬ 
sidered  inconclusive  because  of  a  secondary  infection  in  some  of  the  ^°l;;^teers 
involved.  The  study  was  repeated  (Medical  Division  Project  FY  69  )• 

stored  sera  are  to  be  tested  with  greater  detail  and  precision  for  amino  acids 
uslng^the  recently  acquired  Amino  Acid  Analyzer.  Reevaluation  from  the  stand- 
TolTt  S  t^rcrmetals\nd  other  parameters  of  the  earlier  study  inf-^e^that 
only  the  later  portion  of  the  time  of  the  study  was  affected  by  the  inter 
current  infectiL.  Final  analysis  of  both  of  these  projects  is  incomplete. 

Chloramphenicol  (Medical  Division  Project  FY  68-7)^/  as  Pf  ^ 
to  compare  blood  I'i^els  and  urinary  excretion  of  chloramphenicol  given  as 
kloromycetin^  or  an  Amphicol^,  whole  blood  amino  acids  were  measured. 

Chloramphenicol,  which  has  been  shown  to  inhibit  protein  synthesis  in 

microbial  systems  but  to  have  little  effect  in  21^^ 

shown  to  produce  statistically  significant  changes  (£  <  0.05 

blood  amiL  acids  in  humans.  The  most  striking  changes  were  a  decrease  in  the 
Sngle  amino  acids  alanine  and  prollne  and  a  decrease  in  2  amino  acid  groups, 
glycine-asparagine-serine  and  glutamic  acid-theonine.  Cystine  was  elevated 
early  in  the  study  but  rapidly  became  normal.  Other  single  amino  acids  an 
groips  of  ™lno  aLds.  Including  glutamine  n-awlno  “^idlnu-lyslne- 

histidine,  methionine-valine- tryptophan,  and  isoleucine-leucine,  either  re 
mained  unchanged  or  were  variable. 


Summary, 


Part  I: 


Studies  on  amino  acids  revealed  the  following:  (1) 
fever  vaccination  resulted  in  disti;ubances  of  normal  amino  acid  circad  a 
periodicity  which  occurred  in  the  absence  of  clinical  symptoms;  (2)  neither 
the  circadian  periodicity  nor  the  concentration  of  the  amino  " 

was  altered  by  VEE  vaccine,  as  had  been  reported  previously;  an  (  ) 
amphenicol  prLuced  statistically  significant  changes  in  whole  blood  amino 

acids  in  humans. 

Progress.  Part  II: 

Changes  in  serum  proteins  following  infection  have  been  studied  for  some 
time  Early  impetus  for  this  was  the  hope  that  patterns  diagnostic  for  specific 
S^itlo^flllS^rwould  .merge,  Whar  did  reauXt.  however. 
of  changes  which  probably  reflected  nonspecific  responses  to  infection 

Acutrinfectlon  is  characterized  by  an  increase  in  the  a-globulins 
fid  a  decrease  in  albumin  and  chronic  infection,  by  a  decrease  in  albumin  an 
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an  increase  in  Y-globulin.  The  study  of  serum  glycoproteins  during  infection 
has  been  hampered  by  the  lack  of  a  practical  laboratory  method.  The  basis 
for  the  infection-induced  glycoprotein  changes  to  be  described  below  was  the 
development  in  this  laboratory  of  a  rapid,  practical,  and  reproducible  me^^od 
for  serum  glycoprotein  determination  on  cleared  cellulose  acetate  strips 
This  method  now  allows  serum  glycoprotein  determination  with  the  ease  usually 
accorded  routine  serum  protein  analysis  and  has  eliminated  the  need  for  con¬ 
centration  of  biologic  specimens  and  the  problem  of  color  fading.  These 
changes  have  been  measured  in  our  laboratory  in  a  number  of  bacterial,  viral, 
and  protozoan  infections,  some  of  which  have  been  previously  reported. 

This  work  has  been  expanded  and  now  Includes  the  study  of  infection-induced 
changes  in  serum  protein  and  lipoprotein  electrophoretic  patterns.  Recently, 
applying  the  suggestions  of  Kohn,i^^  a  rapid  quantitative  electrophoretic 
method  for  the  measurement  of  serum  and  plasma  lipoproteins  was  developed 
in  this  laboratory. 

Utilizing  cellulose  acetate  strips  as  the  support  median  and  barbital 
as  the  buffer  (pH  8.6;  ionic  strength  0.05)  electrophoresis ^is  performed 
for  45  min  at  240  volts  with  a  current  of  2.5  ma  per  1x6  strip.  Jo^^y 
microliters  of  plasma  or  serum  is  applied  to  each  strip  by  4  applications  to 
the  same  point  using  a  wire  applicator.  Following  electrophoresis  the  lipo 
proteins  are  fixed  with  7.5%  trichloroacetic  acid  to  prevent  blurring  or 
smudging  of  the  bands  during  the  staining  and  washing  procedures.  In  pre¬ 
paration  for  ozonization,  the  strips  are  hung  on  a  circular  rack  in  a  5-L 
desiccator.  A  250-ml  beaker  containing  6  gm  of  Ba02  is  placed  in  the  c^ter 
of  the  desiccator.  An  acid  resistant  rubber  tube  is  insert^  through  the 
exhaust  hole  in  the  lid  and  25  ml  of  concentrated  H2SO4  is  injected  into 
the  beaker.  The  tube  is  quickly  withdrawn  and  the  exhaust  valve  is  sealed. 

Ozone  is  generated  by  the  reaction  of  the  acid  with  the  BaO,.  Following  a 
10-min  period  of  ozonization,  the  strips  are  placed  in  a  reducing  solution 
of  0.001  N  HCI;  they  are  then  stained  with  Schiff  s  reagent  for  10  min.  The 
strips  are  washed  with  5%  acetic  acid  and  O.IN  HCI,  dehydrated  with  absolute 
methLol  and  cleared  with  15%  acetic  acid  in  methanol.  The  strips  are  spread 
on  a  glass  plate  for  drying  and  clearing  which  occurs  in  5-10  min  at  room 
temperature.  The  3  lipoprotein  bands  (a,  pre-8  ,  and  B)  are  quantitated  by 
densitometry  with  the  results  being  reported  as  percentage  of  the  total 
sample. 

Since  the  serum  protein  and  glycoprotein  methods  used  in  this  laboratory 
also  utilize  cellulose  acetate  strips,  the  development  of  this  method  now 
allows  a  simultaneous  comparison  of  serum  protein,  glycoprotein,  and  lipo 
protein  electrophoretic  patterns  from  a  single  sample  of  serum.  At  the 
present  time,  we  are  studying  factors  such  as  diet  and  storage  which  affect 
serum  and  plasma  lipoprotein  electrophoretic  patterns.  We  plan  to  apply 
this  method  to  the  study  of  infectious  diseases. 

The  following  infection-induced  serum  protein  and  glycoprotein  changes 
in  humans  and  animals  have  been  observed: 

VEE  Vaccine.  The  data  from  2  separate  but  very  similar  studies  designed  ^ 
to  determine  the  host  response  in  healthy  male  volunteers  to  the  administration 
of  VEE  Vaccine  (FY  68-8  and  FY  69-1)  vaccine  were  combined  and  statistically 
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analyzed.  Forty  vol^teers  fr^  the  «o  atodiea  were  dl^ded 

SS  £H:  ^dS<rif 

15  zisymptomatlc»  and  10  control  subjects. 

did  the  other  serum  protein  fractions. 

THInpethic  Hem^^T-h.fr-ic  syndrome  (IHSl.  The  serum 

patterna  of  13  ^"n'n-rioLira^^atwln,  the^-  and 

increase  in  y-globulin  an  1  cases  were  increased. 

?e;S1iyeop«“t:SnS“i^^^  en  Increaae  in  y-glyco*lobulin  and 

a  d^rLL  in  the  ci-glycoglobulln  end  albnmln  fractlona. 

In  one  dog  (King)  where  aerial  blood  =-Plda  »«e  f 

nean  300J  increaae  In  y-globulln  over  S^e™  rte  concentra- 

Increaae  In  the  mean  y-glycoglobuUn.  Indicate  that  the  y-globulln  pro- 

tlona  of  Y-globulln  and  f  yr^-gJXlin  cLfalna  2.8% 

duced  in  thia  dog  waa  J“"  f  tL  Increaae  y-globulin 

refels1S:anCrthrdu;2e'eaa  La^nLed  after  the  acute  l^unologlc 
response  had  occurred. 

Thlrty-slx  additional  samplaa  of  serum  have  been  obtaW 
this  ™U2e.  Analyale  of  these  samples  la  nearing 

atudlea  will  be  done  during  experimental  tranamlaaion  of  the  lllneaa. 

Viral  Hepatitis.  Gray  and  BarronSi/  In  1943,  deacrlbed^abno^l^ serum 

protein  electSoph^tlc  patterns  i"  p^Hn^dirirthe  a^ute 

“r Of  Sfr:eri£%low-up  tu.^^^^  a.  fo.d  ^t^S_of 

11  oatients  who  had  clinically  recovered  from  acute  viraj.  nep 

^nctt'i"epfsode!'%ivn/tre"Sgh^^^  were'noted  to  have  abnormal 

patterns  had  elevated  B-globulin  fractions. 

in  our  laboratory,  the  typical  TtZall 

12  patients  with  acute  infectious  hepatitis  ”''^^^'“^8-810^110  fraction 

in  ^globulin  and  a  decrease^  the  a^JPa“‘-;  Lt  the  Impressive 

was  at  the  upper  limit  of  no^  "  so  ike"  extending  high  above  the 

characteristic  finding  was  the  B-g  .  j  _gt  cases  of  acute  infectious 

a-globulin  fractions  in  half  f ®  ' t J  g-glycoglobulin  fraction  was 

hepatitis  the  y-glycoglobulln  was  increased,  t  P  g  y  s 
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normal  or  slightly  increased;  in  no  case  was  a  3-glycoglobulin  "spike"  present. 
The  total  serum  proteins  were  normal  in  most  cases,  as  were  the  a-globulin 
and  a-glycoglobulin  fractions. 

To  investigate  the  efficacy  of  serum  electrophoresis  as  a  screening 
test  in  the  diagnosis  of  previous  hepatitis  or  hepatitis  carriers,  a  double 
blind  study  was  instituted  in  which  serum  proteins  and  glycoproteins  were 
measured  in  Red  Cross  blood  donors.  The  300  samples  studied  consisted  of 
sera  from  rejected  blood  donors  (rejected  because  of  a  past  history  of 
jaundice,  malaria,  or  hepatitis),  acceptable  blood  donors,  duplicates  of 
rejected  and  acceptable  blood  donors,  known  normals,  and  known  abnormals. 

Serum  protein  electrophoresis  revealed  a  &-globulin  "spike"  in  many  of  the 
sera  in  the  presence  of  normality  in  the  other  serum  protein  fractions. 
Elevations  of  g-glycoglobulin  were  noted  less  often  and  were  not  as  prominent 
as  those  seen  in  serum  protein  electrophoretic  patterns.  This  study  was 
recently  completed.  Preliminary  analysis  of  the  data  revealed  Increased 
and/or  spiked  B-globulin  and/or  g-glycoglobulin  which  allowed  the  correct 
diagnosis  of  past  hepatitis  in  about  50%  of  the  blood  donors  with  a  past 
history  of  hepatitis.  About  80%  of  the  15  patients  with  a  past  history  of 
malaria  were  diagnosed  as  having  past  hepatitis;  the  other  20%  were  inter¬ 
preted  as  being  normal.  At  the  present  time  we  are  analyzing  this  data  more 
rigorously  and  will  attempt  to  modify  the  criteria  for  diagnosis  with  the 
hope  of  increasing  accuracy. 

Hepatic  Cirrhosis  and  Obstructive  Liver  Disease.  Serum  protein  and 
glycoproteins  have  been  measured  in  a  few  patients  with  hepatic  cirrhosis  and 
obstructive  liver  disease. 

I 

In  the  patients  with  hepatic  cirrhosis,  serum  protein  and  glycoprotein 
patterns  were  characterized  by  decreases  in  serum  albumin,  and  marked 
increases  in  y-globulin  and  Y~8lycoglobulin  with  "bridging'  of  the  8“  and 
y-globulins  and  -glycoglobulins.  The  total  serum  protein  as  well  as  the 
a-proteins  and  a-glycoprotein  fractions  were  normal  to  slightly  decreased. 

Serum  protein  and  glycoprotein  patterns  in  obstructive  liver  disease 
were  characterized  by  Increases  in  3-globulin  and  3-glycoglobulin  fractions 
and  marked  increases  in  both  a-globulin  and  a-glycoglobulin  fractions  with 
the  a-glycoglobulin  fractions  being  more  prominent  than  the  a-globullns. 

These  changes  are  markedly  different  from  those  seen  in  Infectious  hepatitis 
and  may  be  of  diagnostic  Importance  in  differentiating  hepatitis  from  con¬ 
genital  or  acquired  biliary  obstruction. 

Infectious  Canine  Hepatitis  (ICH).  Experimentally-induced  ICH  in  dogs 
was  characterized  by  marked  increases  in  the  a^-globulin,  and  a2-glycoglobulin 
fractions  in  <  72  hr.  Other  less  prominent  alterations  of  serum  proteins 
and  glycoproteins  noted  in  6,  and  albumin  fractions  are  being  evaluated 
at  the  present  time. 

In  other  studies.  Alterations  in  serum  proteins  and  glycoproteins  have 
been  observed  in  women  taking  antiovulatory  drugs  and  in  patients  with 
streptococcal  pharyngitis,  infectious  mononucleosis,  influenza,  and  a  variety 
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of  other  acute  and  chronic  infectious  and  noninfectious  diseases.  Although 
these  studies  are  incomplete •  preliminary  analysis  of  the  data  revealed  that 
bacterial  infections  were  associated  with  max^ked  increases  in  the  a-globulins 
and  a-glycoglobulins  whereas  viral  infections  were  associated  with  only  slight 
elevations  of  these  fractions.  Most  women  taking  antiovulatory  drugs  were 
noted  to  have  slight  to  moderate  increases  02“  g-globulins  and  and/or 
On-glycoglobulins.  No  significant  alterations  of  other  serum  protein  or 
glycoprotein  fractions  were  noted. 


Serum  glycoproteins  and  lipoproteins  will  be  measured  in  20  volunteers 
before  and  after  the  administration  of  a  mixed  vaccine  (VEE-WEE-EEE)  (Medical 
Division  Project  FY  69-8).  In  this  study,  the  lipoprotein  method  described 
above  will  be  compared  with  2  other  methods  of  lipoprotein  analysis  recently 
developed  in  other  laboratories. 


Summary.  Part  lit 

Studies  to  investigate  the  nature  of  infection-induced  serum  glycoprotein 
changes  in  the  human  and  animal  host  have  been  expanded  to  Include  the  study 
of  inf ect ion— induced  changes  in  serum  protein  and  lipoprotein  electrophoretic 
patterns. 

A  rapid  quantitative  electrophoretic  method  using  cellulose  acetate 
strips  for  measuring  serum  and  plasma  lipoproteins  has  been  developed.  Since 
the  serum  protein  and  glycoprotein  methods  used  in  this  laboratory  also 
utilize  cellulose  acetate  strips,  the  development  of  this  method  now  allows 
a  simultaneous  comparison  of  serum  protein,  glycoprotein,  and  lipoprotein 
electrophoretic  patterns  from  a  single  sample  of  serum. 

A  summary  of  studies  perform^  to  investigate  infection-induced  serum 
protein,  glycoprotein,  and  lipoprotein  changes  in  the  human  and  animal  host 
is  as  follows: 

1.  Demonstration  of  only  slight  glycoprotein  changes  in  a  group  of 
volunteers  vaccinated  with  VEE  Vaccine  who  became  moderately  ill. 

2.  Demonstration  of  marked  serum  protein  and  glycoprotein  alterations 
in  dogs  with  Idiopathic  Hemorrhagic  Syndrome  of  unknown  etiology. 

3.  Demonstration  of  increases  in  y-  and  B-globulins  and  a  decrease  in 
albumin  in  patients  with  acute  viral  hepatitis.  Glycoprotein  alterations, 
although  present,  were  less  prominent. 

4.  Demonstration  in  a  double  blind  study  of  an  Increase  and/of  "spike" 
in  serum  6-globulln  and/or  3-glycoglobulin  which  allowed  a  correct  diagnosis 
of  previous  hepatitis  in  about  50%  of  blood  donors  with  a  past  history  of 

hepatitis. 

5.  Demonstration  of  a  decrease  in  serum  albimin,  and  a  marked  increase 

in  Y-globulin  and  y-glycoglobulin  with  "bridging^'of  the  8-  and  y-serum  globulins 
and  glycoglobulins  in  patients  with  hepatic  cirrhosis. 
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6.  Demonstration  of  serum  protein  and  glycoprotein  patterns  in 
obstructive  liver  disease  characterized  by  an  Increase  in  6-globulln 
and  e-glycoglobulin  fractions  and  a  marked  Increase  In  both  a'-globulln 
and  a-glycoglobulin  fractions  with  the  a-glycoglobulin  fractions  being 
more  prominent  than  the  a-globullns. 

7.  Demonstration  of  a  marked  increase  in  the  a^-globulln  and 
02"  glycoglobulins  in  <  72  hr  in  dogs  with  experimentally-lndoced 
infectious  canine  hepatitis. 

8.  Demonstration  of  alterations  in  serum  proteins  and  glycoproteins 
in  women  taking  antiovulatory  drugs  and  in  a  variety  of  infectious  and 
nonlnfectlous  diseases. 
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1.  Feigin,  R.  D. ,  A;  S.  Klainer,  and  W.  R.  Beisel.  1968.  Factors 
affecting  circadian  periodicity  of  blood  amino  acids  in  man.  Metabolism 
17:764-775. 

2.  Klainer,  A.  S.,  W.  R.  Beisel,  and  W.  K.  Atkins.  Determination 
of  serum  glycoproteins  on  cleared  cellulose,  acetate  strips.  Amer.  J. 

Clin.  Path.  50:137-141,  1968. 

3.  Klainer,  A.  S. ,  D.  F.  Clyde,  P.  J.  Bartelloni,  and  W.  R.  Beisel. 
1968.  Serum  glycoproteins  in  experimentally- induced  malaria  in  man. 

J.  Lab.  Clin.  Med.  72:794-802. 

4.  Feigin,  R.  D. ,  H.  G.  Dangerfield,  and  W.  R.  Beisel.  1969. 
Circadian  periodicity  of  blood  amino-acids  in  normal  and  adrenalectomlzed 
mice.  Nature  221:94-95. 

5.  Klainer,  A.  S. ,  P.  F.  Gilliland,  W.  J.  Cirksena,  P.  J.  Bartelloni 

W.  R.  Beisel.  1969.  Serum  glycoproteins  in  naturally  acquired  malaria 

in  man.  Arch.  Int.  Med.  (In  press). 
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_rraaiation;  vu;  (U)  Infectious  diseases;  (U)  Encephalitis,  equine  (VEE) ; 
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23.  (U)  Investigate  interrelationships  between  acute  or  chronic  Irradiation  and  disease 
processes . 


24.  (U)  Acute  or  protracted  whole  body  irradiation  is  delivered  to  selected  animal 
species  before,  simultaneously  with,  or  after  infection.  Clinical  and  immune  responses 
are  observed  and  measured  serially. 

25.  (U)  68  07  -  69  06  -  Mice  were  irradiated  with  400  R  24  hr  before  immunization  with 
varying  doses  of  2  vaccine  viruses,  VEE  vaccine  strain  and  yellow  fever,  17-D.  Seven 
and  14  days  later  they  were  challenged  with  virulent  viruses,  Trinidad  VEE  and  Asibi 
yellow  fever  respectively.  It  is  suggested  that  irradiation  may  suppress  immunity  by 
interfering  with  VEE  virus  replication.  There  is  a  possibility  that  increased  dosage 
greater  than  1,000  median  infectious  doses  might  override  the  depression  in  immune 
responses  observed. 

Publications:  Radiat.  Res.  35:451-457,  1968;  36:98-106,  1968. 

J.  Retlculoendothel.  Soc.  5:582,  1968. 
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BODY  OF  REPORT 


Project  No.  1B662706A096:  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No.  1B662706A096  01:  Vulnerability  of  Man  to  Biological  Agents 

Work  Unit  No.  096  01  010:  Effect  of  Irradiation  on  Infection  and  Immunity 

Description: 

12/ 

Earlier  studies'^*~  documented  a  delay  in  appearance  of  hemagglutination 
inhibiting  (HI)  and  neutralizing  antibodies  to  Venezuelan  equine  encephalitis 
(VEE)  in  nearly  lethally  irradiated  monkeys  immunized  with  attenuated  VEE 
vaccine.  Comparable  effects  were  not  found  under  similar  conditions  using 
yellow  fever  vaccine  strain  (17~D).  Irradiation  did  not  affect  the  response 
to  17 -D. 

3 

Because  the  routine  immunizing  dose  of  VEE  vaccine  contained  10  median 
mouse  intraperitioneal  immunizing  doses  (MIPID^q)  of  virus,  and  17-D  con 
tained  10^  MIPIDcq*  the  effect  of  varying  dosage  of  vaccine  on  immune  responses 
of  normal  and  irr^iated  (400  R,  24  hr  before)  mice  was  studied. 

Mice  were  given  10^  thru  10^  MIPIDcq  VEE  vaccine  or  10^  thru  10^  MIPID5Q 
17-D  vaccine  subcutaneously.  All  animals  were  challenged  IP  with  10  LD 
Trinidad  strain  VEE  or  intracerebrally  (IC)  with  Asibi  strain  yellow  fever 
virus,  respecitively,  7  or  14  days  after  immunization.  Radiation  had  an 
apparent  effect  in  VEE-vaccinated  mice  at  both  7  and  14  days,  and  in  normal 
mice  at  7  days  (Table  I).  No  protection  was  induced  in  any  of  the  yellow  fever 
immunized;  however,  only  50%  of  control  mice  were  protected  at  the  highest 
vaccine  dose  used  (Table  II).  It  must  be  noted  that  the  17D  vaccine  used  was 
of  low  potency. 

TABLE  I  EFFECT  IN  MICE  OF  400R  IRRADIATION  24  HR  BEFORE  IMMUNIZATION  WITH 
VEE  VACCINE  ON  SURVIVAL  AFTER  IP  CHALLENGE  WITH  TRINIDAD  VEE  VIRUS. 


VACCINE  DOSE 
MIPID50 

NO.  IN  EACH 
GROUP 

SURVIVORS 
Day  7 

40  OR  No  R 

POSTCHALLENGE 

Day 

400R 

14 

No  R 

10 

12 

0 

6 

3 

10 

100 

12 

1 

10 

12 

10 

1000 

12 

6 

9 

9 

12 
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TABLE  II. 


EFFECT  IN  MICE  OF  400R  IRRADIATION  24  HR  BEFORE 
17-D  YELLOW  FEVER  VACCINE  ON  SURVIVAL  AFTER  IC 


IMMUNIZATION  WITH 
CHALLENGE  WITH  ASIBI 


YELLOW  FEVER  VIRUS 


VACCINE  DOSE 
MIPID50 

NO.  IN  EACH 

GROUP 

SUI 

Day 

WIVORS 

7 

POSTCHALLENGE 

Day 

14 

400R 

No  R 

400R 

No  R 

10 

24 

0 

0 

0 

0 

100 

24 

0 

1 

0 

0 

1000 

36 

0 

1 

0 

0 

10000 

12 

0  , 

1 

0 

1 

100000 

12 

0 

6 

1 

6 

These  studies  suggest  that  by  increasing  dosage  of  t 

irradiation  depression  of  im^ne  ^^ine  irvivo.^these  differences 

of  the  knovm  rapid  proliferation  of  this  related  to 

Sth°vlru=  replication  as  pall^s  the  well 
S»tox?c  effect  of  t-ray  on  the  reticuloendothelial  system. 


It  is  also  apparent  that  the  time  courses 
vaccine  and  17-D  in  mice  are  vastly  different. 


of  immune  response  to  VEE 


Siiitimarv: 

In  mice  it  is  suggested  that  400R  irradiation  may  suppress  immunity  by 
d  I  T  fjrh  VEE  virus  replication.  It  is  possible  that  by  increasing 
tSe'd^Bage^of  liv^^EE  vaccine  the  irradiation  depression  of  itmaune  response 

may  be  overridden. 
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x-irradiation.  Radiat.  Res.  32:451-457. 

T,  1.1=  <;  T  H  W.  Whitford,  N.  R.  Blemly,  E.  V.  Staab,  and  C.  P. 

Cralg?'  lS°  Efiecis  ;J  .llrradlatlon  on  the  Immune  response  of  guinea  pigs 
to  Q  fever  vaccine.  Radiat.  Res.  36.98 

V  IP  17  or,.!  r  P  Craie.  1968.  Reticuloendothelial  system 

funct^in  inlulne;  pigs  Infeitei  .1th  attenuated  Venezuelan  equine  encephalitis 
virus.  J.  Reticuloendothel.  Soc.  5.58/ 
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23.  (U)  Characterize  pathogenic  microorganisms  in  terms  of  physical  properties,  host  cell 
interaction,  and  similarity  between  strains. 

24.  (U)  Methods  are  under  development  to  concentrate  virus  particles  rapidly  from 
biologic  fluids  for  electron  microscopic  study  and  to  use  the  electron  microscope  for 
studies  of  very  early  changes  in  host  cells  during  infection, 

25.  (U)  68  07  -  69  06  -  Transfer  of  virus  with  staining  from  Sepraphore  III,  had  become 
erratic.  Careful  analysis  of  the  interaction  of  stain  with  the  Sepraphore  III  material, 
based  on  ideas  from  a  literature  survey,  has  revealed  a  nuinber  of  sources  of  trouble. 

A  new  procedure  has  recently  been  evolved  which  has  circumvented  the  difficulties 
yielding  reproducible  transfer  with  clearly  stained  images.  The  procedure  should  be 
applicable  to  use  with  millipore  filters  so  that  new  procedures  for  concenttxating  the 
virus  can  be  tried. 

A  study  of  host  response  to  infection  by  electron  microscopy  of  the  pneumococcal 
infected  rat  has  revealed  interesting  early  changes  in  the  thymus. 
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BODY  OF  REPORT 


Project  No.  1B662706A096:  Medical  Defense  Aspects  of  Biological  Agents  (U) 
Task  No.  1B662706A096  01;  Vulnerability  of  Man  to  Biological  Agents 
Work  Unit  No.  096  01  Oil:  Biophysical  Stndies  of  Pathogenic  Microorganisms 
Description; 

To  characterize  infectious  microorganisms  in  terms  of  biophysical 
properties  and  host-cell  interactions. 

Progress ,  Part  1: 

Advances  have  been  made  in  developing  a  rapid  electron  microscopic 
assay  for  virus  particles  in  unpurified  dilute  suspensions.  The  ass^ 
is  derived  from  that  of  Sharpi'.  As  described  in  earlier  reports^Ai', 
a  much  simpler  procedure  for  transferring  the  virus  from  agar  to  the 
electron  microscope  grid  has  been  evolved  which  incorporates  negative 
staining,  thus  facilitating  identification  of  the  virus.  Furthermore 
the  new  procedure  is  not  limited  to  transfer  from  agar.  Since  virus 
can  be  deposited  on  materials  such  as  millipore  filters  new 
concentration  procedures  can  be  tried  which  may  greatly  increase  the 
sensitivity  of  the  assay  from  the  present  limit  of  about  10  particles/ 
ml. 


As  reported  last  year,^/  the  low  flow  rate  of  fluid  through 
millipore  filters  necessitated  use  of  high  concentrations  of  the 
negative  stain,  sodium  phosphotungstate ,  and  results  became  erratic 
apparently  because  of  aggregation  of  the  salt. 

Subsequent  work  has  been  confined  to  Sepraphore  III,  similar  to 
mlllipores  chemically  but  through  which  fluid  flows  readily.  Despite 
ready  passage  of  water,  transfer  of  virus  and  negative  stain  continued 
to  be  erratic.  Gradually  through  systematic  testing  of  ideas  obtained 
from  a  literature  survey  the  nature  of  the  complex  interactions  of  the 
stain  (and  other  related  stains)  and  Sepraphore  III  have  been  unravelled. 
A  procedure  now  being  tested  has  given  encouraging  results,  so  far 
reproducible,  in  which  the  negative  stained  images  approach  the  clarity 
obtained  when  virus  was  being  transferred  from  agar.  It  is  hoped,  and 
seems  likely,  that  the  procedure  can  be  adapted  for  use  with  millipore 
filters  so  that  work  on  new  virus  concentration  procedures  can  be 

started. 

Summary,  Part 

A  procedure  which  appears  reliable  has  been  evolved  using 
Sepraphore  III  as  the  rigid  depository  material  in  the  concentration 
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step  of  the  electron  microscopic  assay  for  virus  particles.  The  negative- 
stained  images  obtained  of  virus  washed  from  sepraphore  with  phospho- 
tungstate  solution  approach  in  clarity  the  images  of  virus  washed  from  agar 
It  is  expected  that  the  new  procedure  will  be  adaptable  to  use  with 
millipore  filters. 


Progress ,  Part  II ; 

Host  response  to  infection,  with  pneumococcus  infected  rats  as 
a  model,  is  being  studied  by  electron  microscopic  investigation  of  ultra- 
structural  changes  in  various  organs.  Initial  study  of  the  thymus  showed 
striking  changes  which  occurred  within  3  hr  after  inoculation  with 
10^  organisms.  Parallel  investigation  of  the  liver  is  planned  as  time 
permits.  The  program  initiated  with  Dr.  W.  R.  Beisel  is  expected  to  be 
Lntinued  in  collaboration  with  COL  J.  F.  Metzger  of  the  Pathology  Division. 


Simmary ,  Part  II : 

In  the  electron  microscopic  study  of  pneumococcus-infected  mice 
early  changes  observed  in  the  thymus  appear  quite  interesting.  It  is  planned 
to  continue  the  study  in  collaboration  with  the  Pathology  Division  and 
broaden  the  investigation  to  other  organs. 
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Progress : 

During  the  biophysical  study  of  components  of  anthrax  toxin— ^ 
resolved  by  sucrose  density  gradient  centrifugation,  the  need  became 
apparent  for  a  new  method  of  measuring  partial  specific  volumes  of 
proteins  in  the  presence  of  high  concentrations  of  sucrose,  since  the 
toxin  components  could  not  be  readily  freed  from  sucrose.  In  a  previous 
report^/  a  simple  method  was  described  that  involves  measuring  the 
sedimentation  rate  of  large  spherical  latex  particles  in  a  sucrose 
solution  adjusted  to  have  a  density  close  to  that  of  the  particles. 

In  the  experiments  described  previously  the  poorer  accuracy  of 
1  X  10~5  gm/ml  achieved  was  ascribed  to  the  difficulty  of  maintaining 
adequate  temperature  control  (without  expensive  modifications  in  the 
Spinco  Model  E  ultracentrifuge) .  Since  then  a  procedure  has  been 
devised  which  eliminates  the  need  for  precise  temperature  control  and 
variations  of  several  degrees  have  no  detectable  effect  on  the 
calculated  density  increments.  With  temperature  variations  in  density 
eliminated,  a  new  source  of  variation  became  apparent  which  proved  to 
arise  from  variation  in  numbers  of  metal  ions  attached  to  the  particles, 
apparently  by  chelation.  Details  of  the  metal  binding  are  currently 
under  study  so  that  maximum  uniformity  and  reproducibility  in  particle 
density  can  be  achieved. 

In  the  previous  report,—^  it  was  pointed  out  that  certain 
immunological  procedures  of  interest  to  the  unit  used  similar  latex 
particles  coated  with  antibody  or  antigen.  Preliminary  estimates  of 
protein  (bovine  serum  albumin)  binding  indicated  that  saturation  of 
the  particles  occurred  in  0.003%  protein  solution  and  produced  a 
particle  density  increment  of  1  x  10"^  gm/ml.  In  view  of  the  new 
findings  concerning  chelation,  further  study  of  protein  binding  is 
clearly  in  order.  It  seems  highly  likely  that  binding  will  depend 
on  what,  and  how  many,  metal  ions  are  attached  to  the  particles  and 
systematic  study  should  yield  information  valuable  for  predicting 
conditions  of  maximum  protein  binding  for  immunological  purposes,  and 
conditions  of  minimum  binding  for  partial  specific  volume  studies. 
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Suttmary : 

The  technique  for  determining  partial  specific  volumes  of  protein  by 
measuring  the  sedimentation  rate  of  large  latex  particles  in  solutions  of 
the  protein  has  been  improved  by  eliminating  the  need  for  close  temperature 
control.  With  the  resulting  increase  in  sensitivity,  some  interesting 
properties  of  the  latex  particles  have  been  revealed  which  probably  relate 
to  the  variable  tendency  of  particles  to  bind  protein. 
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Effect  of  Bacterial  and  Viral  Infections 
on  Host  Cell  Biosynthetic  Mechanisms 


Description; 

To  study  alterations  in  nucleotide  metabolism,  RNA  biosynthesis, 
and  template  activity  of  isolated  chromatin  in  host  cells  during 
infection. 


Progress,  Part 

A  successful  host  response  to  the  stimulus  of  infection  appears  to 
require  the  expenditure  of  energy.  Nicotinamide-adenine-dinucleotides, 
(NAD) ;  its  reduced  form,  (NADH) ;  and  nicotinamide-adenine-dinucleotide 
phosphate,  (NADP) ;  its  reduced  form  (NADPH)are  essential  to  both  the 
generation  of  energy  (glycolysis,  electron  transport)  and  its  use 
(e.g.,  lipid  and  steroid  synthesis). 

Studies  on  normal,  male,  CD-I  mice  (Charles  River)  on  a  0630-1830 
hours  lights  on,  1830-0630  lights  off  schedule  revealed  a  statistically 
significant  diurnal  variation  in  total  hepatic  NAD  (M/m  tissue) ,  with 
high  values  occurring  between  2000  and  0400  hours  and  low  values  between 
0800  and  1600  hours.  This  agrees  with  previous  work  from  this  unit  which 
gave  evidence  that  tryptophan  oxygenase,  an  enzyme  whose  action  can  yield 
precursors  to  the  pyridine  nucleotides,  exhibits  a  similar  diurnal 
variation.!./  A  similar  pattern  of  variation  in  total  NAD,  though  of 
smaller  magnitude,  has  been  observed  in  spleen;  the  kidney  seems  to 
exhibit  oscillations  in  levels. 


Summary ,  Part 

A  daily  variation  exists  in  the 
spleen  tissue  of  normal  male  mice  on 
schedule.  This  pattern  may  not  hold 
the  same  conditions  the  kidney  shows 
than  a  distinct  peak  and  trough. 


total  NAD  content  of  liver  and 
a  12-hr  on,  12-hr  off  ligjit 
true  for  all  tissues  since  under 
multiple  slight  oscillations  rather 
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Progress .  Part  II : 

Preliminary  investigation  into  the  effects  of  massive  pneumococcal 
infection  (approximately  10^  organisms  per  animal,  causing  death  <24  hr)  on 
mouse  hepatic  pyridine  nucleotide  metabolism  indicates  that  in  the  first 
12  hr  postinfection  the  decrease  seen  in  total  NAD  (from  0.587  +0.034  to 
0.459  +  0.032  M/m  tissue)  can  be  accounted  for  by  the  lessened  intake  of  food 
resulting  from  infection.  This  is  evidenced  by  the  observation  that 
fasted  controls  show  similar  changes  in  NAD  content  over  the  same  period 
(from  0.628  +  0.017  to  0.441  +  0.022) . 

In  the  first  12  hr  after  infection  total  hepatic  NADH  increases  in 
both  the  Infected  animals  (from  0.260  +  0.024  to  0.365  +  0.003  M/gm)  and 
the  fasted  controls  (from  0.241  +  0.007  to  0.316  +  0.025).  However,  the 
difference  between  the  infected  and  control  animals  in  this  study  was  not 
always  statistically  significant. 

Summary,  Part  II: 

The  early  changes  in  total  NAD  and  NADH  seen  in  mice  infected  with 
a  massive  dose  of  pneumococci  appear  for  the  most  part,  to  be  the  result 
of  decreased  food  intake  due  to  Illness. 

Progress,  Part  III : 

Experiments  are  underway  to  investigate  variations  in  tryptophan 
metabolism  in  mice  in  response  to  Salmonella  typhimurium  infection. 

Recent  evidence  indicates  that  diets  supplemented  to  the  3%  level  with 
respect  to  tryptophan  instead  of  the  normal  0.22^  give  significant 
protection  against  typhimurium  in  mlce.^/ 

The  protection  afforded  by  enhanced  dietary  tryptophan  may  be  (1) 
mediated  via  the  resulting  increase  in  liver  tryptophan  oxygenase 
activity  and  NAD,  (2)  the  result  of  some  other  substance  formed  from 
tryptophan,  or  (3)  a  property  of  the  tryptophan  molecule  itself.— 

To  test  the  first  possibility,  pharmacologic  amounts  of  nicotinamide 
have  been  given  to  mice  in  their  water  supply  so  as  to  alter  the  pyridine 
nucleotide  content  and  tryptophan  oxygenase  activity  of  the  liver  without 
increasing  the  dietary  intake  of  tryptophan.  The  levels  of  nicotinamide 
used  resulted  in  smaller  increments  in  enzyme  activity  but  approximately 
the  same  level  of  NAD  as  did  the  3%  tryptophan  diet.  In  the  one  study 
completed  to  date,  nicotinamide  failed  to  enhance  survival. 


'  J  OP  ,  DFGti 


SiimmArv .  Part  III ; 

Preliminary  evidence  suggests  that  the  protective  effect  of 
supplemental  dietary  tryptophan  against  S^.  typhimurium  in  mice  does 
not  seem  to  operate  via  increases  in  hepatic  NAD  content. 

Progress .  Part  IV: 

The  effect  of  an  intracellular  bacterial  infection  on  RNA  bio¬ 
synthesis  in  the  host  was  studied.  Charles  River  CD-I  male  mice,  weighing 
25  -  30  gm,  were  infected  with  the  attenuated  vaccine  strain  of 
Pasteurella  tularensis .  ,^Two  hours  prior  to  sacrifice  5  yc  of  RNA 
precursor,  orotic  acid-  C,  was  injected  intraperitoneally .  At  24  and 
48  hr  the  animals  were  sacrificed,  and  nuclear,  microsomal,  and 
soluble  RNA  fractions  were  isolated  from  the  kidney,  liver,  and  spleen 
for  analysis.  Specific  activities,  expressed  as  cpm/OD,  were  determined 
for  each  fraction  isolated  in  both  infected  and  control  animals. 

At  24  hr  marked  decreases  in  specific  activities  of  both  nuclear 
and  cytoplasmic  RNA  fractions  in  all  3  organs  were  observed  when  compared 
to  control  values.  Decreases,  in  the  order  of  54  and  80%  of  control 
values,  were  observed  in  the  nuclear  fraction  of  the  liver  and  kidney 
respectively.  At  48  hr  cytoplasmic  fractions  were  of  the  same  approximate 
magnitude  as  controls,  and  the  specific  activities  of  the  nuclear 
fractions  were  found  to  be  slightly  increased  above  controls. 

Summary ,  Part  IV: 

The  biosynthesis  of  nuclear  and  cytoplasmic  RNA  was  studied  in  the 
animal  host  infected  with  P.  tularensis.  Marked  decreases  in  specific 
activities  of  nuclear  RNA  were  observed  in  liver,  kidney,  and  spleen 
24  hr  postinfection.  At  48  hr  nuclear  RNA  was  found  to  be  only  slightly 
increased  above  control  values. 

Progress,  Part  V : 

Although  pleuropneumonia-like  organisms  (Mycoplasma ;PPL0)  are  able 
to  replicate  in  cell-free  media,  their  small  genome  size  and  complex 
nutritional  requirements  have  raised  questions  regarding  their  biosynthetic 
capabilities.  Previous  work^'  has  suggested  that  protein  biosynthesis  in 
PPLO  follows  the  same  basic  mechanism  as  that  found  in  bacterial,  fungi, 
plants  and  animals.  These  studies  Indicated  the  presence  of  DNA-dependent 
RNA  synthesis.  This  work  has  raised  questions  concerning  RNA  formation  in 
Mycoplasma.  Non-pulse  and  pulse-labeled  experiments  were  designed  in  an 
attempt  to  answer  these  questions. 
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In  non-pulsed-labeled  experiments,  uridine-2-  C  was  rapidly  Incorporated 
in  a  linear  fashion  in  whole  cells  and  in  trichloracetic  acid- (TCA) -hydrolyzed 
RNA  of  Mycoplasma  laidlawii  Similar  incorporation  of  labeled  uridine  was 
obseirved  in  phenol  extracted  RNA. 

Pulse-labeled  experiments  were  performed  in  two  different  ways.  When 
PPLO  were  grown,  harvested,  washed  in  medium,  resuspended  in  fresh  medium, 
and  pulse-labeled  for  15  min  over  a  4-hr  period,  the  kinetics  of  RNA  synthesis 
could  be  demonstrated.  A  rapid  rise  in  the  specific  activity  (cpm/OD  260  my) 
of  RNA  was  seen  within  the  first  60  min.  Thereafter,  there  was  a  "leveling 
off"  of  specific  activity  which  approached  an  equilibrium  state  by  90  min. 

This  equilibrium  state  persisted  for  the  duration  of  the  experimental  period. 
The  initial  rapid  rise  suggested  a  response  to  a  change  in  environment, 
whereas  the  equilibrium  state  represented  the  rate  characteristic  of  RNA 
synthesis  in  the  fresh  medium. 

When  samples  were  drawn  periodically  from  an  actively  growing  PPLO 
culture  and  pulse-labeled  for  15  min,  RNA  synthesis  was  found  to  remain 
constant  with  regard  to  specific  activity.  Here,  there  was  no  environmental 
change,  so  a  definitive  rate  had  already  been  established  and  was  maintained. 

Calculation  of  the  pymoles  of  labeled  uridine  indicated  a  continuous 
step-wise  increase  over  the  time  periods  studied,  suggesting  continuous 
incorporation  of  the  precursor  for  RNA  formation. 

Addition  of  the  inhibitor  Actinomycin  D  with  the  pulse-label  resulted 
in  an  immediate  cessation  of  RNA  production. 


The  rapid  incorporation  of  labeled  uridine  and  the  action  of 
Actinomycin  D  raised  questions  as  to  which  type  of  RNA  takes  up  most  of 
the  label  in  the  above  studies.  In  an  attempt  to  answer  these  questions, 
methylated  bovine  serum  albumin  (MSA)  columns  were  utilized.  NaCl 
phosphate  buffered  solutions  were  used  in  a  linear  gradient  over  a  O.lM 
to  l.OM  range.  Using  such  a  system,  total  RNA  extracted  by  the  phenol 
procedure  could  be  fractionated  into  its  4,  16  and  22S  components,  as 
determined  by  spectrophotometry  at  260  my.  The  gradient  range  was  changed 
to  0.2M  to  l.OM  to  differentiate  better  the  16  and  22S  peaks.  Using  a 
windowless  gas-flow  isotope  counter,  labeled  uridine  was  present  in  4  peaks. 
These  peaks  were  in  the  area  of  the  16  and  22S  peaks  which  are  ribosomal 
RNA.  Other  investigators,^/  using  other  organisms,  have  demonstrated 
similar  results.  Their  results  and  those  found  here  suggest  that  the 
Isotope  peaks  are  "DNA-like"  RNA  ("messenger"  RNA).  The  increase  in  label 
over  10-min  periods  indicates  a  half-life  of  2  min  for  this  RNA  which 
corresponds  to  a  value  calculated  by  another  investigator.—'  Actinomycin 
D  did  not  decrease  ultraviolet  readings  appreciably,  but  did  produce  a 
significant  drop  in  the  Incorporation  of  the  uridine  label. 
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L-929  mouse  fibroblast  cells,  grown  in  suspension,  have  been 
fractionated  to  obtain  cytoplasmic.  Acrosomal,  and  nucl^r  Thes 

RNA's  were  run  on  MSA  columns.  Results  are  presently  being  ewluated. 
Studies  of  the  uptake  of  labeled  uridine  by  these  cells  and  the 
o^Actinomycin  D^re  planned  for  the  future.  All  this  work  ij 
to  a  study  of  the  interaction  between  the  host  (L-cell)  and  the  agent 
(PPLO)  for  host-agent  response  studies. 

Summary .  Part  V; 

In  Mycoplasma,  the  incorporation  of  labeled  uridine  and  the 
effect  of  Actinomycin  D  suggest  the  presence  of  a  ^ 

over  "DNA-like"  RNA.  It  appears  that  the  formation  of  RNA  in  these 
cells  is  similar  to  that  of  bacteria  and  mammalian  cells. 

Progress ,  Part  VI: 

Studies  have  been  initiated  to  define  the  metabolic  response  of 
pneumococcus-infected  mice  by  looking  for  changes  in  (1>  _  the  rate  o 
synthesis  of  DNA-like  RNA,  and  (2)  the  synthesis  of  qualitatively 
different  RNA  molecules,  including  their  contribution  to  the  total 

in  vitro  synthesis  of  RNA  will  be  studied  using  t^^coc^ 
IvRodeiketicus  RNA  polymerase  and  isolated  mouse  chromatin 

flom  various  tissues.  The  RNA  products  will  be  compared  by  hybridlzation- 
co^etition  capacity  for  binding  to  deproteinized  DNA  of  mouse  embryos. 

At  present  techniques  are  being  developed  to  study  these  aspects. 

The  conditions  for  the  infection  of  mice  and  a  method  for  isolation  of 
mouse  liver  chromatin  have  already  been  defined. 

Summary .  Part  VI_: 

Techniques  arc  presently  being  developed  for  studying  the  template 
actlvltj  (gLe  expreLion)  of  chromatin  Isolated  from  various  tissues  of 
mice  during  infection  by  D.  pneumoniae. 

Publications ; 

1.  Kehoe,  J.  M. ,  G.  Lust,  and  W.  R.  Beisel.  , 

tissue-corticosteroid  interaction:  An  early  effect  ^  ^ 

Mn2+-  activated  RNA  polymerase  activities.  Biochim.  Biophys .  Acta 
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Medical  Defense  Aspects  of  Biological  Agents  (U) 

Vulnerability  of  Man  to  Biological  Agents 

Host-parasite  Relationships  in  Arbovirus 
Infections 


Description; 

Investigate  various  interactions  between  animal  hosts  and  arboviruses. 
Progress.  Part  I; 

The  effect  of  utero  transmission  of  Venezuelan  equine  encephalitis 
(VEE)  in  mice  has  been  studied.  Previous  studies  have  indicated  that  VEE 
could  be  transmitted  to  the  fetus  by  intraperitoneal  (IP)  inoculation  of 
the  dam.^f  Data  have  been  obtained  on  the  effect  of  the  virus  on  the  prod¬ 
ucts  of  conception.  Initially,  113  pregnant  mice  were  selected  to  determine 
the  normal  gestation  time,  average  conception  rate,  number  of  mice  born,  num¬ 
ber  born  alive,  number  weaned  and  the  average  birth  and  weaning  weight  of  the 
Fort  Detrick  strain  of  Swiss-Webster  mouse. 

Pregnant  mice  were  then  inoculated  with  1,000  median  suckling  mouse  in¬ 
tracerebral  lethal  doses  (SMICLD50)  of  the  TC-83  strain  of  VEE  (TC-83)  on 
days  0  -  19  of  gestation.  Neither  an  increase  nor  a  decrease  in  gestation 
time  was  observed  when  TC-83- injected  mice  were  compared  to  saline- injected 
control  mice;  nor  was  any  significant  difference  seen  in  conception  rate. 
However,  a  marked  effect  on  litter  size,  live  birth  and  neonatal  survival  was 

observed. 

Mean  values  for  approximately  30  litters  per  day  are  shown  in  Table  I. 

The  mean  number  born  per  litter  begins  to  decrease  on  day  10  and  continues 
to  decline  to  a  minimum  on  day  12,  with  a  return  to  normal  range  on  day  14. 
Thus  a  Significant  drop  in  litter  size  is  seen  when  pregnant  mice  are  in- 
iected  late  in  the  2nd  trimester  and  early  in  the  3rd  trimester  of  pregnancy. 
Since  implantation  of  the  fetus  has  already  occurred,  this  then  must  repre¬ 
sent  fetal  abortion  and/or  fetal  resorption.  The  effect  is  not  an  all-or- 
none  phenomenon,  in  that  the  percentage  of  dams  giving  birth  remains  the 
same  and  only  an  overall  decrease  in  litter  size  occurred. 

Column  2  of  Table  I  represents  the  number  born  alive,  divided  by  the  to¬ 
tal  number  born.  The  primary  difference  between  this  and  the  effect  on  it- 
ter  size  is  that  after  the  live  birth  ratio  begins  its  decline  on  day  11,  it 
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TABLE  I.  EFFECTS  OF  MATERNAL  I^ECTION  WITH  TC-83  VEE  VIRUS  ON  FETUS  AND 
NEONATE. 


DAY  OF  PREGNANCY 

ON  WHICH  MICE 

WERE  INJECTED 

NO.  BORN/ 
LITTER 

NO.  LIVE 

BIRTHS /LITTER 

NO.  (X 

NEONATES  WEANED/ 
NO.  BORN  ALIVE 

Controls 

9.9 

9.7 

.867 

1 

9.3 

9.1 

.840 

2 

9.9 

9.4 

.845 

3 

9.5 

9.3 

.858 

k 

8.3 

7.9 

.931 

5 

9.4 

9.2 

.920 

6 

9.1 

8.9 

.775 

7 

8.8 

8.5 

.874 

8 

8.8 

8.4 

.815 

9 

8.9 

8.6 

.835 

10 

8.0 

7.5 

.573 

11 

6.1 

4.8 

.773 

12 

5.8 

3.7 

.760 

13 

6.5 

4.6 

.712 

14 

8.6 

7.1 

.635 

15 

8.7 

7.5 

.515 

16 

9.2 

8.9 

.184 

17 

10.0 

10.0 

.153 

18 

9.0 

8.8 

.447 

19 

10.3 

10.2 

.766 
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does  not  reach  the  normal  range  again  until  day  16. 

Column  3  of  Table  I  represents  the  ratio  of  the  number  of  neonates 
weaned  to  the  number  born  alive.  Again  starting  on  day  10,  a  significant 
decrease  in  this  ratio  is  observed  from  days  10-18,  with  peak  depressions 
occurring  on  days  10,  16  and  17.  Thus,  not  only  are  litter  sizes  smaller  and 
fewer  pups  born  alive,  but  also  fewer  survive  to  weaning  age  when  dams  are 
infected  on  days  10-14  of  gestation.  Beginning  with  days  15  or  16,  even 
though  the  normal  number  are  born  alive,  a  decreasing  number  of  these  sur\rive 
to  weaning  age,  thus  suggesting  that  a  different  phenomenon  may  be  involved 
in  the  effects  observed  on  these  different  times  of  inoculation. 

Since  mice  injected  on  days  15-18  had  peak  viremias  on  or  around  the  day 
of  parturition,  this  prompted  the  question  of  whether  the  young  were  being 
infected  after  birth  by  secretions  of  the  dam,  with  resultant  death  early  in 
life  or  were  they  being  infected  in  utero.  To  test  this  premise,  newborn 
were^removed  from  the  infected  dam  at  precisely  the  time  of  parturition  and 
transferred  to  an  uninfected  control  mouse,  which  likewise  had  Just  given 
birth.  At  the  same  time,  the  litter  from  the  control  mouse  was  transferred 
to  the  infected  mouse  and  allowed  to  suckle.  In  this  manner,  the  offspring 
of  infected  dams  were  exposed  only  to  the  secretions  of  an  uninfected  dam, 
and  vice  versa.  Litters  from  infected  dams  were  interchanged  and  litters 
from  control  dams  were  interchanged.  In  addition,  dams  which  were  not  in¬ 
jected  with  TC-83  were  allowed  to  keep  their  own  offspring. 

TABLE  II.  VIABILITY  INDEX. 


GROUP-/ 

INDEX 

15 

BY  DAY  OF  GESTATION 
16 

ON  WHICH  MICE  WERE 
17 

INJECTED 

18 

I 

0.95 

0.92 

0.88 

0.97 

II 

0.35 

0.18 

0.41 

0.68 

III 

0.44 

0.22 

0.44 

0.69 

IV 

0.87 

0.85 

0.83 

0.87 

a.  I.  Neonates  from  control  dams  placed  with  infected  dams. 

II.  Neonates  from  infected  dams  placed  with  control  dams. 

III.  Neonates  from  infected  dams  placed  with  other  infected  dams. 

IV.  Neonates  from  control  dams  placed  with  other  control  dams. 


In  Table  II,  it  may  be  seen  that  there  is  decreased  viability  in  Groups 
II  and  III,  which  are  the  2  groups  involving  offspring  of  dams  which  were  in¬ 
fected  with  TC-83.  On  the  other  hand,  no  decrease  in  viability  is  seen  in 
Groups  I  and  IV,  which  are  the  2  groups  involving  offspring  from  dams  which 
were  not  infected  with  TC-83.  This  indicates  that  the  cause  of  decreased 
viability  of  offspring  from  mothers  injected  with  TC-83  on  days  15,  16  and  17 
is  transmitted  utero,  rather  than  by  postnatal  exposure  to  any  secretions 
of  the  dams. 

In  order  to  examine  both  the  degree  of  immunity  and  how  it  is  acquired, 
all  of  the  surviving  weanlings  from  the  experiment  just  described  were  chal¬ 
lenged  with  1,000  median  mouse  intraperitoneal  lethal  doses  (MIPLD^q)  of  the 
Trinidad  strain  of  VEE  (Table  III) . 

TABLE  III.  IMMUNITY  OF  SURVIVING  WEANLINGS. 


NUMBER  SURVIVED/NUMBER  CHALLENGED 

GROUP-'^ 

Day  of 

Gestation  on  Which  Mice  Were  Injected 

16 

17 

18 

I 

44/56 

66/73 

22/22 

II 

11/11 

36/38 

28/71 

III 

9/12 

36/39 

42/45 

IV 

0/76 

0/76 

0/81 

a.  See  footnote  Table  II. 

Since  all  weanlings  from  Group  IV,  which  consisted  of  control  weanlings 
placed  with  control  dams,  died  and  the  other  3  groups  evidenced  protection 
to  a  highly  significant  degree,  we  can  say  that  mice  receive  protection  both 
through  placental  experience  and  through  colostrum.  Because  the  time  from 
injection  of  the  dam  to  birth  is  too  short  for  detectable  circulating  anti¬ 
body  in  the  dam,  it  is  postulated  that  the  protection  observed  in  Group  II 
may  be  other  than  specific  antibody  acquired  from  the  dam. 

Summary.  Part  I: 

TC-83  strain  of  VEE  was  used  to  evaluate  the  effects  of  ini  utero  virus 
transmission  in  the  Swiss-Webster  mouse.  A  decreased  litter  size,  decreased 
number  of  pups  born  alive  and  a  decreased  survival  until  weanling  age  was 
seen  in  neonates  born  to  dams  infected  on  days  10-14  of  gestation.  Decreased 
survival  to  weaning  age  was  also  shown  when  dams  were  infected  on  days  16-19 


of  gestation.  No  effect  on  conception  or  gestation  time  wa?  demonstrated. 
Progress.  Part  II: 

A  burro  and  a  pony  were  challenged  IV  and  intracerebrally  (IC)  respec¬ 
tively,  with  virulent  Asibi  strain  yellow  fever  virus.  Neither  animal  re¬ 
sponded  clinically  or  hematologically,  as  determined  by  dailj»'  observation 
temperature,  complete  blood  count,  serum  glutamic  oxalacBtic  transaminase^ 
serum  glutamic  pyruvic  transaminase,  blood  urea  nitrogen,  alkaline  phospha¬ 
tase,  sodium,  potassium  and  lactic  dehydrogenase  determinations. 

Bleedings  twice  daily  for  10  days  revealed  no  viremia  (no  deaths  at  10"^ 
injection  into  weanling  mice).  Response  to  the  virus  was  evidenced  by  the 
neutralization  of  1.8  logs  of  virus  (at  day  28)  by  the  burro,  and  by  the 
neutralization  of  1.3  logs  of  virus  (at  day  21)  by  the  pony. 

Summary.  Part  II: 

Serological  responses  were  the  only  evidence  of  infection  seen  when  a 
burro  and  a  pony  were  inoculated  with  Asibi  strain  yellow  fever  virus  by  the 
IV  or  IC  routes . 

Publications: 

None. 
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23.  (U)  To  study  the  biological  effects  of  microbial  toxins. 

24.  (U)  The  effects  of  SEB  on  vascular  integrity  is  being  evaluated  by  studying  the 
production  of  adrenal  hemorrhage  in  rabbits  and  by  measuring  the  flux  of  radioiodinated 
serum  albumin  from  plasma  to  lymph  in  monkeys.  The  fever  dose  for  SEB  by  the  aerosol 
route  is  being  assessed  in  monkeys. 

25.  (U)  68  07  -  69  06  -  Attempts  to  produce  adrenocortical  hemorrhage  by  injection  of 
SEB  into  male  rabbits  pretreated  with  ACTH  have  yielded  inconstant  results.  SEB 
toxemia  appears  to  cause  a  transient  increase  in  vascular  permeability  in  the  monkey. 
Efforts  to  obtain  the  median  fever  dose  of  aerosol  introduced  SEB  in  monkeys  have  been 
unsuccessful  to  date  because  of  erratic  incidence  of  fever. 
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BODY  OF  REPORT 


Project  No.  1B662706A096 :  Medical  Defense  Aspects  of  Biological  Agents  (U) 
Task  No,  1B662706A096  01:  Vulnerability  of  Man  to  Biological  Agents 
Work  Unit  No.  096  01  800:  Biological  Effects  of  Microbial  Toxins 
Description: 

To  study  the  biological  effects  of  microbial  toxins  in  the  animal 

host . 

Progress ,  Part 

The  production  of  adrenal  hemorrhage  in  rabbits  with  10  pg/kg 
intravenous  (IV)  of  staphylococcal  enterotoxin  B  (SEB)  4  hr  after 
pretreatment  with  20  units  of  ACTH  was  studied.  Moderately  severe 
hyperemia  was  demonstrated  grossly  and  microscopically  in  15  of  45 
male  rabbits  weighing  >3  kg.  This  observation  was  made  as  early  as 
15  min  after  injection  of  SEB.  Since  lesions  seemed  less  frequent 
in  female  rabbits,  most  studies  were  conducted  in  males.  Experimental 
results  were  inconclusive,  since  gross  and  microscopic  evidence  of 
hyperemia  and  hemorrhage  was  present  in  some  control  animals. 

Criteria  for  microscopic  assessment  of  hemorrhages  were;  (1)  occlusive 
sinusoidal  thrombi;  (2)  focal  necrosis  of  adrenal  cortical  cells;  (3) 
focal  aggregations  of  pseudo-eosinophils  surrounding  necrotic  areas; 

(4)  hemolysis  of  erythrocytes  in  thrombosed  sinusoids;  (5)  coagulative 
necrosis  in  infarcted  zones;  and  (6)  nuclear  fragmentation  of 
pseudo— eosinophils  in  areas  of  thromboses.  Six  of  157  animals  had 
foci  of  unequivocal  adrenocortical  necrosis;  in  4,  fragmentation 
of  nuclei  within  these  necrotic  zones  indicated  that  the  lesion 
antedated  the  experimental  injection  of  SEB.  Based  on  the  lack  of 
clearcut  experimental  differences,  additional  work  with  this  model 
system  was  discontinued. 

Summary,  Part  I_: 

The  production  of  adrenal  hemorrhage  in  rabbits  with  IV  SEB  4  hr 
after  pretreatment  with  ACTH  was  studied.  Due  to  a  lack  of  differences 
no  further  work  will  be  conducted. 
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Progress ,  Part  II ; 

The  effects  of  300  ug/kg  of  SEE  on  vascular  permeability  is  being 
studied  in  the  rhesus  monkey  by  measuring  the  transfer  of  radioiodinated 
human  serum  albumin  (RISA)  to  thoracic  duct  lymph.  A  significant  increase 
in  the  lymph:  plasma  ratio  of  RISA  concentration  occurred  after  SEE, 
reaching  0.9  by  3  hr  and  returning  toward  the  normal  value  of  about  0.5  by 
10  hr.  Lymph  flow  increased  slightly,  but  did  not  appear  to  correlate 
with  either  the  lymphrplasma  ratio  or  the  hypotension  associated  with  the 
toxemia . 

Summary.  Part  II: 

SEE  toxemia  appears  to  cause  a  transient  increase  in  vascular 
permeability  in  the  rhesus  monkey. 

Progress .  Part  III: 

To  determine  a  median  fever  dose  (FD^q)  for  SEE  by  the  aerosol  route, 
monkeys  were  exposed  in  a  modified  Henderson  apparatus.  To  date,  total 
dose  used  has  been  0.1,  0.2,  and  2.0  yg.  Results  are  presented  in  a 
preliminary  fashion  in  Table  I.  It  is  obvious  that  further  work  is  required 

TABLE  I.  OCCURRENCE  OF  FEVER  FOLLOWING  AEROSOL  EXPOSURE 
OF  MONKEYS  TO  VARYING  DOSES  OF  SEE 


TOTAL  DOSE 

yg 

FEVERi/ 

24  hr 

48  hr 

0.04 

3/6 

1/6 

0.1 

5/6 

2/6 

0.2 

0/6 

1/6 

2.0 

6/6 

4/6 

a.  >  control  raw  fever  score  +  2  SD 
Summary .  Part  III : 

To  determine  a  FD50  for  SEE  by  the  aerosol  route,  groups  of  monkeys 
were  exposed  to  increasing  total  doses  of  SEE.  Analysis  of  the  data 
indicates  that  further  work  is  required. 
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23.  (U)  Study  the  mechanisms  of  action  of  microbial  toxins. 

24.  (U)  Hematologic  and  coagulative  parameters  are  studied  in  animal  hosts  challenged 
with  SEB.  The  effects  of  SEB  on  transepithelial  transport  processes  are  studied  using 
as  a  model  the  permeability  of  the  isolated  toad  bladder  to  the  osmotic  movement  of 
water. 

25.  (U)  68  07  -  69  06  -  Monkeys,  rabbits,  and  rats  did  not  display  disseminated  intra¬ 
vascular  coagulation  in  response  to  challenge  with  SEB.  In  preliminary  studies,  SEB 
did  not  affect  the  permeability  to  water  of  the  isolated  toad  bladder. 
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BODY  OF  REPORT 


Project  No.  1B662706A096:  Medical  Defense  Aspects  of  Biological  Agents  (U) 
Task  No.  1B622706A096  01:  Vulnerability  of  Man  to  Biological  Agents 
Work  Unit  No.  096  01  801:  Mechanisms  of  Action  of  Microbial  Toxins 
Description: 

To  evaluate  the  mechanisms  of  action  of  microbial  toxins. 

Progress ,  Part 

In  1966,  Gilbert—^  reported  a  preliminary  study  on  the  coagulation 
mechanism  and  leukocyte  response  of  beagle  dogs  to  highly  purified 
staphylococcal  enterotoxin  B  (SEB)  given  by  the  intravenous  (IV)  route. 

He  found  that  the  most  frequent  and  severe  abnormalities  occurred  in 
3  hr  -  4  days  post  challenge. 

During  the  past  year,  we  have  studied  the  effects  of  an  IV 
challenge  of  SEB  on  hematologic  and  coagulative  parameters  in  3  animal 
hosts:  the  monkey,  a  highly  susceptible  host;  the  less  susceptible 
rabbit,  and  the  rat  -  a  highly  resistant  host.  The  parameters  examined 
in  each  included  total  leukocyte  and  platelet  counts,  differential 
count,  hematocrit,  prothrombin  and  partial  thromboplastin  times, 
plasma  fibrinogen  and  fibrinolysin. 

In  the  monkey  and  rabbit,  a  marked  neutropenia  was  noted  within 
5  min  of  injection  which  became  most  severe  in  45-90  min.  Thereafter, 
the  neutrophil  count  gradually  rose  to  marked  neutrophilia  at  12  hr, 
returning  to  normal  in  24  hr.  The  lymphocytes,  on  the  other  hand, 
gradually  decreased  with  the  severest  l3nnphopenia  occurring  in  24  hr. 

In  the  rat,  the  only  change  noted  was  a  mild  neutrophilia  which  peaked 
at  12  hr. 

In  contrast,  the  only  coagulative  change  noted  in  the  rabbit  and 
monkey  was  a  shortening  of  the  time  required  for  fibrinolysis  which  in 
the  rabbit  and  monkey  was  shortened  down  to  20%  of  normal  within  45-90 
min.  Thereafter  a  marked  prolongation  occurred  with  the  longest  time 
seen  at  24  hr.  Other  parameters  were  unchanged.  In  the  rat  no 
alterations  in  coagulation  were  detected. 

Thus,  it  appears  that  disseminated  intravascular  coagulation  is 
not  part  of  the  mechanism  of  action  of  the  toxin.  However,  in 
susceptible  species,  a  circulating  factor  is  activated  which  mediates 
the  leukopenia;  its  significance  is  unknown. 
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Summary,  Part  X- 

Disseminated  intravascular  coagulation  due  to  intravenous  challenge 
with  SEB  does  not  occur  in  the  rhesus  monkey  or  the  rabbit. 

Progress ,  Part  II : 

The  isolated  urinary  bladder  of  the  toad  (Bufo  marinus)  is  being 
employed  as  a  mode  system  to  study  the  effects  SEB  on  transepithelial 
transport  processes. 

The  method  of  Bentley-^/  has  been  used  to  measure  the  osmotic  movement 
of  water.  SEB  at  concentrations  ranging  from  0.025  ug/ml-2.5  yg/ml  added 
to  either  the  mucosal  surface  bathing  solution  or  the  serosal  surface 
bathing  solution  for  periods  £  3  hr  had  no  effect  on  the  permeability  of 
the  bladder  to  water  and  did  not  significantly  alter  the  stimulation  of 
the  osmotic  flow  of  water  produced  by  submaximal  concentrations  of  vaso¬ 
pressin.  Experiments  are  now  underway  which  are  designed  to  test  the 
effect  on  water  permeability  of  increasing  the  concentration  of  SEB  and 
the  duration  of  SEB  treatment. 

Summary ,  Part  II ; 

SEB  has  not  been  found  to  have  any  effect  on  the  permeability  to 
water  of  the  isolated  urinary  bladder  of  the  toad  under  the  experimental 
conditions  employed. 

P  ub li cations : 


None 
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23  (U)  Study  the  transport  and  localization  of  microbial  toxins  in  animal  tissues  and 
the  pathogenesis  of  the  corresponding  intoxications  following  various  routes  of  challenj 

24  (U)  Enzyme  tagging  techniques  for  protein  labeling  are  developed.  Enzjmie,  fluores¬ 
cein,  and  radioisotope  tagged  and  untagged  toxins  are  administered  to  susceptible 
species  by  various  routes.  Toxin  distribution  is  determined  by  appropriate  methods. 
Distributions  noted  are  compared  with  similar  studies  using  horseradish  peroxidase  (HRP] 
an  innocuous  protein  of  similar  molecular  weight. 

25  (U)  68  07  -  69  06  -  For  enzyme  labeling  of  staphylococcal  enterotoxin  B  (SEB)  and  itJ 
antisera,  the  diisocynates  proved  to  be  the  optimal  conjugating  agent  and  HRP  the  most 
effective  tracer. 

With  the  intravenous  injection  of  SEB  or  HRP  in  the  nonimmune  susceptible  animal, 
similar  rates  of  removal  from  the  blood  were  noted  as  was  predominate  renal  convoluted 
tubular  localization.  Following  intrabronchia 1  introduction,  however,  SEB  and  HRP  were 
handled  differently.  Three  to  4  hr  after  exposure  a  rapid  rise  in  the  serum  levels  of 
SEB  began  to  develop  but  a  parallel  rise  of  serum  HRP  failed  to  develop.  However,  in 
the  latter  cases  the  regional  pulmonary  lymph  nodes  contained  abundant  HR?  deposits 
suggesting  that  normally  the  alveolar  capillary  membrane  is  impermeable  to  HRP  and  the 
lyngjhatic  system  is  a  major  avenue  of  its  removal.  The  evolution  of  HRP  serum  levels  it 
SEB  intoxicants  resembled  that  described  for  SEB  alone,  and  in  these  cases  there  was  an 
absence  of  the  predominant  lymphatic  localization.  It  was  suggested  that  under  these 
circumstances  HRP  is  removed  by  another  route,  possibly  by  transport  directly  across 
the  alveolar  capillary  membrane  secondary  to  altered  alveolar  permeability. 

Publication:  Lab.  Invest.  20:17-25,  1969. 
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BODY  OF  REPORT 


Project  No.  1B662706A096:  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No.  1B662706A096  01:  Vulnerability  of  Man  to  Biological  Agents 
Work  Unit  No.  096  01  802:  In  Vivo  Distribution  of  Microbial  Toxins 
Description: 

Study  the  transport  and  localization  of  microbial  toxins  in  animal  toxins 
in  animal  tissues  and  the  pathogenesis  of  the  corresponding  intoxications 
following  various  routes  of  challenge. 

Progress : 

Enzyme  tagging  techniques  for  proteins  were  investigated  employing 
carbodiimide,  dehalogenated  dinitrobenezenes  and  dtisocynatea  as  bifunctional 
agents  and  galactose  oxidase,  glucose  oxidase  and  horseradish  peroxidase 
(HRP)  as  enz5nne  tags.  Staphylococcal  enterotoxin  B  (SEB)  and  SEB  antisera 
were  employed  as  the  protein  model  for  labelling.  Optimal  histochemical 
techniques  for  the  demonstration  of  the  enzymes  noted  above  in  gel  and  cellu¬ 
lose  acetate  media  were  developed  and  efficacy  of  various  bifunctional  agents 
and  enzymes  in  labelling  was  studied.  The  conjugated  SEB  or  SEB  antisera 
were  reacted  with  a  double  diffusion  system  in  titered  serial  dilutions  to 
study  immunoprecipitin  activity.  Immunoprecipitin  reactions  were  Identifiable 
by  either  protein  staining  or  histochemical  demonstration  of  enzyme  activity. 
Enzyme  activity  proved  to  be  the  most  sensitive  indicator.  Hemagglutinin 
(HA)  titers  of  SEB  antisera  were  also  determined  after  conjugation.  The  most 
effective  conjugating  agent  proved  to  be  the  diisocynates ;  and  HRP  was  the 
most  efficient  of  the  enzyme  tags  employed. 

Following  intraduodenal,  intrabronchial  or  intravenous  (IV)  administration 
of  125i  labelled  and  unlabelled  SEB  in  SEB  negative  rabbits  and  rhesus  monkeys, 
serial  peripheral  blood  samples  were  drawn  at  15 -min  intervals  for  8  hr;  SEB 
levels  were  measured  by  either  quantitative  radial  immunodiffusion  or  tri¬ 
chloracetic  acid  (TCA)  precipitable  125i  activity.  Results  were  compared 
with  similar  studies  employing  HRP,  an  innocuous  protein  of  similar  molecular 
weight.  Following  IV  injection,  the  rate  of  removal  of  HRP  from  the  blood 
compares  favorably  with  that  reported  previously  for  SEB  in  the  nonimmune 
susceptible  animal.  The  predominant  renal  convoluted  tubular  localization 
reported  with  SEB  by  fluorochrome  labelling  was  noted  with  TOP  either  by 
histochemical  staining  reactions  or  by  autoradiographs  of  125i. labelled  TOP. 
Introduction  of  SEB  via  the  digestive  tract  failed  to  produce  a  consistent 
measurable  rise  in  serum  SEB  levels  or  to  develop  significant  renal  locali¬ 
zation  Following  introduction  into  the  bronchopulmonary  tree  a  striking 
difference  was  noted  in  the  handling  of  these  2  low  molecular  weight  proteins. 
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Three  hours  after  SEE  exposure  detectable  serum  levels  were  noted  and  w«e 
followed  by  a  sharp  rise  in  SEE  serum  levels  over  the  following  5  hr.  This 
was  contrasted  with  the  HRP  which  failed  at  any  point  during  the  8-hr 
period  to  produce  significant  serum  levels.  In  addition  following  intra- 
tracheal  HRP  instillation  the  regional  pulmonary  lymph  nodps  contained  abundant 
HRP  deposits,  demonstrating  that  the  lymphatic  system  is  a  major  avenue  of 
removal  of  this  protein.  This  may  be  contrasted  to  SEE  which  fails  to  demon¬ 
strate  such  a  pattern.  It  would  appear  to  be  transported  by  another  route, 
possibly  directly  across  the  alveolar  capillary  membrane  and  into  the  circu¬ 
lation.  Renal  convoluted  tubular  localization _ of  SEE  was  noted  at  time  of 
sacrifice,  8  hr  after  intrabronchial  instillation. 


Following  the  intratracheal  introduction  of  ^^^I  HRP  with  noniodinated 
SEE,  the  regional  lymph  nodes  were  found  to  have  no  localization  of  I- 
HRP,  as  noted  above;  blood  levels  of  TCA  precipitable  activity  rose  in 

a  manner  similar  to  that  observed  with  125i_see  alone,  suggesting  under  these 
circumstances  that  there  was  removal  of  the  HRP  by  another  route  possibly  by 
transport  across  an  alveolar  capillary  membrane  secondary  to  altered  permeability. 
Intravenous  injection  of  SEE  following  intratracheal  HRP  instillation  also  was 
associated  with  an  elevation  in  serum  HRP  levels.  This  occurred  within  the 
first  hour,  much  earlier  in  the  course  of  exposure  than  that  noted  with 
combined  intratracheal  SEE  and  HRP  instillation. 


Summary; 

For  the  enzyme  labeling  of  SEE  and  SEE  antisera,  the  diisocynates  proved 
to  be  the  optimal  conjugating  agent  and  horseradish  peroxidase  the  most 
effective  tracer. 

With  IV  injection  of  SEE  or  horseradish  peroxidase  (HRP)  in  the  nonimmune 
susceptible  animal,  similar  rates  of  removal  from  the  blood  were  noted  as  was 
renal  convoluted  tubular  localization.  Following  intrabronchial  introduction, 
however,  SEE  and  HRP  were  handled  differently.  Three  to  four  hours  after 
exposure  a  rapid  rise  in  the  serum  levels  of  SEE  began  to  develop  in  the  SEE 
intoxicants  but  a  parallel  rise  of  serum  HRP  did  not  occur  in  the  animals 
given  HRP.  However,  in  the  latter  cases  the  regional  pulmonary  lymph  nodes 
contained  abundant  HRP  deposits  suggesting  that  normally  the  alveolar  capillary 
membrane  is  impermeable  to  HRP  and  the  lymphatic  system  is  a  major  avenue  of 
its  removal.  The  evolution  of  HRP  serum  levels  in  SEE  intoxicants,  however, 
resembled  that  described  for  SEE  alone,  and  in  these  cases  there  was  an 
absence  of  the  predominant  lymphatic  localization.  It  is  suggested  that  under 
these  circumstances  HRP  is  removed  by  another  route,  possibly  by  transport 
directly  across  the  alveolar  capillary  membrane  secondary  to  altered  alveolar 

permeability. 

Publication: 

1.  Normann,  S.J.,  R.F.  Jaeger,  and  R.T.  Johnsey.  1969.  Pathology  of 
experimental  enterotoxemia.  The  ^  localization  of  staphylococcal 

enterotoxin  E.  Lah.  Invest.  20:17-25. 
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ccines;  "SSmunlzalion;  (U)  Encephalitis,  equine  (VEE,  EEE,  WEE);  (U)  Globulin; 
,U)  Q  fever;  (U)  Adenovirus  _ 


2.  TECHNICAL  ORiECTIVC,*  2A  APPROACH*  2B.  PROGRESS  fPunNcA  iMErtSMT  pcrcSrcpSc  Mcnilffcrf  Sy  HuiScf.  prcecdc  (Ml  o/  cues  wtm  jccurtiy  ClMcfUcuifen  C«Fc.) 

23.  (U)  Evaluate  experimental  vaccines  developed  by  various  contractors,  organizations 
or  other  governmental  agencies. 

24.  (U)  Test  vaccines  are  given  to  experimental  animals,  and  when  considered  safe,  to 
volunteers . 

25.  (U)  68  07  -  69  06  -  Inactivated  WEE  vaccine  (tissvie  culture  origin)  was  tested  in 
volunteers.  It  was  found  to  be  safe  and  of  low  reactogenicity.  Three  different  dosage 
schedules  are  being  evaluated.  A  combined  EEE  and  WEE  vaccine  was  tested  in  volunteers 
and  was  found  to  be  safe  and  of  low  reactogenicity.  Antigenicity  will  be  evaluated 
following  completion  of  serological  test.  VEE  Immune  Globulin,  Human,  was  administered 
to  volunteers  to  determine  the  appearance  and  persistence  of  circulating  antibody  and  to 
determine  the  effect  of  the  globulin  on  infection  with  attenuated  VEE  vaccine.  Addi¬ 
tional  studies  in  at-risk  personnel  to  determine  optimum  time  of  administration  of  a 
booster  to  EEE  vaccine  are  in  progress. 

Adenovirus  vaccine,  live,  oral,  type  7  was  administered  to  16  volunteers.  It  was 
found  to  be  safe,  and  of  low  reactogenicity,  but  exhibited  a  low  degree  of  infectivity. 

An  oral  dose  of  vaccine  containing  approximately  5  logs  tissue  culture  median  infectious 
doses  resulted  in  Infection  in  68%  of  vaccinees. 

Seed  stock  of  Cox ie 11a  burneti  (Henzerllng  strain.  Phase  I,  EP-2)  for  future  vaccine 
production  was  tested  and  found  free  of  adventitious  agents  during  animal  and  egg 
passage.  Safety  and  efficacy  of  a  formalinized  staphylococcal  enterotoxoid  B  continued 
to  be  evaluated  in  rhesus  monkeys.  The  toxoid  appears  safe  in  the  doses  tested.  It 
partially  protected  monkeys  against  the  illness  and  lethal  effects  of  toxin  given  by 
the  aerosol  and  intravenous  routes. 


Publications:  Amer.  J.  Trop.  Med.  1969  2  papers. 
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BODY  OF  REPORT 


Project  No.  1B662706A096:  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No.  1B662706A096  02;  Prevention  and  Treatment  of  Biological  Warfare 

Casualties 

Work  Unit  No.  096  02  002:  Evaluation  of  Efficacy  of  Experimental  Vaccines 


Description; 

Evaluate  experimental  vaccines  developed  by  various  organizations,  con¬ 
tractors,  or  other  governmental  agencies. 


Progress.  Part  I; 

Evaluation  of  Inactivated  Western  equine  encephalitis  vaccine; ^  Clinical 
and  serological  responses  to  Western  equine  encephalitis  (WEE)  vaccine, 
inactivated,  tissue  culture  origin.  Lot  1-1967,  were  evaluated  in  volunteers 
in  2  separate  studies.  In  the  first  study  (Project  No.  FY  69-3)  subjects 
were  divided  into  two  groups  of  7  and  8  each,  designated  Group  I  and  II.  Two 
subjects  in  each  group  served  as  controls.  On  day  0  each  volunteer  received 
0.5  ml  of  vaccine  subcutaneously  in  the  deltoid  region  of  the  arm;  the  con¬ 
trols  received  0.5  ml  of  isotonic  sodium  chloride  for  Injection,  Sterile, 
U.S.P.,  in  the  same  manner.  On  day  28  members  of  Group  I  received  0.5  ml  o 
vaccine  while  those  in  Group  II  received  0.25  ml  of  vaccine.  Each  subject 
had  frequent  laboratory  evaluation  for  white  blood  cells  and  differential 
count,  hematocrits,  platelet  counts,  serum  glutamic  oxalacetic  transaminase 
(SGOT) ,  serum  glutamic  pyruvic  transaminase  (SGPT),  direct  and  indirect 
serum  bilirubin,  blood  urea  nitrogen  (BUN) ,  and  alkaline  phosphatase.  All 
patients  were  observed  daily  following  the  initial  dose  of  vaccine  for  12 
days  for  local  and  systemic  reactions.  After  subsequent  doses  volimteers 
were  observed  at  24  and  48  hr  post  vaccination  on  an  outpatient  basis.  Blood 
was  drawn  to  obtain  serum  for  neutralization  test  prior  to  immunization  on 
days  14,  28,  42,  56,  90,  180  and  270  after  the  initial  dose  of  vaccine;  a 
final  serum  sample  will  be  obtained  on  day  360.  Systemic  and  local  reactions 
are  shown  in  Table  I.  No  meaningful  changes  in  clinical  laboratory  values 
were  observed  during  the  period  of  the  study. 


Serum  log  neutralization  indices  (LNl)  were  determined  by  the  constant 
serum  varying-virus  method.  One  to  3-day-old  suckling  mice  were  inoculated 
via  the  intracerebral  route  with  equal  mixtures  of  pre-  or  postvaccination 
serum  and  dilutions  of  California  strain  WEE  virus.  Animals  were  observed 
for  deaths  for  10  days.  Fifty  percent  end  points  were  determined  by  the 
method  of  Reed  and  Muench.i/  The  LNI  is  expressed  as  the  difference  in  virus 
titer  in  the  presence  of  pre-  and  postvaccination  sera;  As  indicated  in 
Table  II,  none  of  the  15  subjects  had  detectable  neutralizing  antibody  prior 
to  vaccination.  Twenty-eight  days  after  the  first  dose  of  vaccine  9  out  of 
15  subjects  responded  with  LNi's  ^1.7  logs.  Fourteen  days  following  the 
second  inoculation  all  subjects  developed  significant  neutralizing  antibody 
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(LKI  i  1.7).  NO  dlHeronce^in  1^3^ ..j'oTS  and  that 

rirface^ad'^  e'’o.r5Tl  Tsl  additional  satological  data  ate  not  yet 
avsilflblfi" 

,  nrACIOGEBICITY  OF  WEE  VACCINE,  INACTIVATED.  TISSUE  CULTUEE  ORIGIN, 
table  I.  15  non-expeeienced  subjects. 


None 


reactioiT 


Mild 


0.5  ml 
0.5  ml 
0.25  ml 


- -  ^  fatiBue.  3  with  tenderness  at 

,  4  with  mild  headache,  muscle  soreness,  and  fatigue 

“•  sife  of  injection  of  <  12  hr  duration. 

b.  Local  tenderness  at  site  of  injection  of  <  12  hr  duration. 

2  With  mild  occipital  headache  for  <  12  hr  duration.  1  »ith  local  soreness 
of  24  hrs  duration. 

11-  "S  fSS’'ofSrfACC^L“SfxL"Tlfsul  ™ 

ORIGIN,  LOT  1-1967. 


LNI-^ 

3.0  -  3.9 
2.0  -  2.9 
1.7  -  1.9 
1.0  -  1.6 


Control 


NUMBER  responding  BY  DOSE. 

Group  1 _  - 

n.S  ml  0-5  nl - 5 


Group  2 

n.^  n,1  0.25  ml 
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In  the  second  study  (Project  No.  FY  69-4)  6  volunteers  not  previously 
immunized  with  WEE  vaccine  and  having  no  history  of  infection  with  the  virus 
were  administered  2  doses  of  0.25  ml  of  WEE  vaccine  28  days  apart.  Subjects 
were  observed  24  and  48  hr  after  administration  of  each  dose  of  vaccine  for 
local  and  systemic  reactions.  Blood  was  drawn  to  obtain  serum  for  neutraliz¬ 
ing  antibody  prior  to  immunization  and  on  days  7,  14,  28,  42,  56  and  90; 
additional  samples  will  be  obtained  on  days  180,  270  and  360  after  the  initial 
dose  of  vaccine.  No  local  or  systemic  reactions  developed.  Serological  data 
are  not  yet  available. 

Summary.  Part  I: 

WEE  vaccine  administered  to  a  limited  number  of  subjects  was  found  to 
be  safe  and  of  low  reactogenicity .  By  14  days  following  the  second  dose  of 
vaccine  all  subjects  had  significant  neutralizing  antibodies  (^1.7).  No 
significant  difference  in  serological  response  was  observed  between  the  group 
which  received  the  second  dose  of  0.5  ml  and  that  which  received  the  0.25  ml 
dose. 

Progress.  Part  II: 

Evaluation  of  Combined  WEE  and  Eastern  equine  encephalitis  (EEE)  Vaccine 
(Project  No.  FY  69-6).  Clinical  and  serological  responses  were  evaluated  in 
16  volunteers  administered  Eastern  equine  encephalitis  (EEE)  vaccine, 
inactivated,  tissue  culture  origin.  Lot  1-1966,  and  WEE  vaccine,  inactivated, 
tissue  culture  origin.  Lot  1-1967  when  administered  in  a  combined  form.  The 
vaccine  was  reconstituted  for  injection  by  the  addition  of  5.5  ml  Water  for 
Injection,  Sterile,  U.S.P.,  to  a  vial  of  lyophilized  EEE  vaccine.  Five  ml  of 
EEE  vaccine  were  then  withdrawn  and  added  to  a  vial  of  lyophilized  WEE  vaccine 
and  mixed.  Each  0.5  ml  of  combined  product  contained  approximately  100 
hamster  intraperitioneal  median  immunizing  doses  (GPIPID^q)  of  each  vaccine. 
Each  subject  was  administered  2  doses  of  0.5  ml  each  of  combined  vaccine  28 
days  apart.  Four  volunteers  served  as  controls  and  received  0.5  ml  of 
isotonic  sodium  chloride  of  Injection,  Sterile,  U.S.P.  in  the  same  manner. 

Each  subject  had  frequent  clinical  laboratory  examinations  as  reported  in 
Part  I.  Electrocardiograms  (EGG)  were  obtained  on  each  subject  daily  under 
standard  conditions.  Blood  was  drawn  for  neutralizing  antibody  prior  to 
immunization  and  on  days  14,  28,  42,  56;  additional  specimens  will  be  obtained 
on  days  90,  180,  270  and  360  days  after  the  initial  dose  of  vaccine. 

Five  vacclnees  had  mild  nonspecific  ST-T  wave  changes  on  serial  EGG. 

The  changes  consisted  of  decreased  amplitude,  flattening  and  inversion  of 
the  T  wave;  they  were  confined  to  the  Inferior  standard  and  lateral  precordial 
leads.  One  control  who  developed  an  upper  respiratory  illness  during  the 
study  had  similar  changes.  All  EGG  returned  to  normal  prior  to  the  discharge. 
There  was  no  evidence  of  heart  disease  during  the  period  of  study. 

Forty-eight  and  72  hr  following  vaccination,  neutropenia  occurred 
characterized  by  a  total  mean  neutrophile  count  of  2556  and  2523  neutrophiles 
(p  <  .001)  respectively.  Only  at  72  hr  did  a  significant  (p  <  .05)  leukopenia 
occur.  No  other  meaningful  changes  in  clinical  laboratory  values  occurred. 
Local  and  systemic  reactions  are  shown  in  Table  III.  Serological  data  are  not 
yet  available. 
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TABLE  III.  REACTOGENICITY  OF  WEE  VACCINE,  INACTIVATED,  TISSUE  CULTURE  ORIGIN, 
LOT  1-1967  AND  EEE  VACCINE,  INACTIVATED,  TISSUE  CULTURE  ORIGIN, 

LOT  1-1966  ADMINISTERED  IN  COMBINED  FORM  IN  16  NON-EXPERIENCED 
SUBJECTS 


REACTION^/ 

Local 

Svstemic 

DOSE 

(DAY) 

None 

Minimal  Mild 

Moderate  None 

Minimal  Mild 

Moderate 

0.5  ml 

(0) 

12 

2  1 

1  8 

5  2 

1 

0.5  ml 

(28) 

14 

2 

14 

2 

a.  Local: 

Minimal  -  discomfort  and/or  tenderness,  <  24  hr  duration. 

Mild  -  discomfort  at  site  of  injection  plus  tenderness,  ^  24  hr. 
Moderate  -  discomfort,  tenderness,  erythema,  induration. 

Severe  -  marked  swelling,  fluctuation,  necrosis. 

Systemic: 

Minimal  -  Subjective  complaints,  <  24  hr  duration. 

Mild  -  Subjective  complaints,  ^  24  hr  duration. 

Moderate  -  Rectal  temperature  101-102  F,  ambulatory. 

Severe  -  Rectal  temperature  ^  102  F,  not  ambulatory. 

Svunmary,  Part  II: 

Combined  EEE  and  WEE  vaccine  was  administered  to  16  volunteers.  The 
vaccine  was  found  to  be  safe  and  of  low  reactogenicity .  Mild  electrocardio¬ 
graphic  changes  were  noted  in  5  vaccinees  and  in  one  control.  Forty-eight  and 
72  hours  following  vaccination  neutropenia  occurred. 

Progress,  Part  III: 

Evaluation  of  Venezuelan  equine  encephalomyelitis  -  Immune  Globulin,  Human 
(VEE-IG)  (Project  No.  FY  69-5).  VEE-IG  Lot  No.  0750D030  A1  was  prepared  by 
Hyland  Laboratories,  Los  Angeles,  California.  It  is  identical  with  Immune 
Serum  Globulin  (Human)  U.S.P.,  except  that  it  was  prepared  from  the  plasma  of 
donors  specifically  immunized  with  the  attenuated  VEE  vaccine.  Twenty-four 
healthy  normal  volunteers  were  administered  VEE-IG  intramuscularly  to  define 
the  appearance  and  persistence  of  the  antibody  in  the  circulation  and  to  deter¬ 
mine  the  effect  of  this  globulin  on  infections  with  attenuated  VEE  vaccine; 
serological  data  are  not  yet  available. 

Summary.  Part  III: 

VEE-IG  was  administered  intramuscularly  to  volunteers  to  determine  the 
appearance  and  persistence  of  circulating  antibody  and  to  determine  the  effect 
of  the  globulin  on  infections  with  attenuated  VEE  vaccine.  Serological  data 
are  not  yet  available. 

( 
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Progress.  Part  IV s 

Evaluation  of  Adenovirus  Vaccine,  Live,  Oral,  Type  7,  Lot  16  CV-0100_ 
(L-AV-7) .  The  clinical  and  serological  responses,  safety,  inf activity  and 
pharyngeal  and  rectal  shedding  of  L-AV-7  were  evaluated  in  volunteers 
(Project  No.  FY  68-9). 

The  vaccine  virus  used  for  immunization  was  an  adenovirus  type  7,  (strain 
551A2)  propagated  in  human  embryonic  kidney  (HEK)  cells  obtained  by  Wyeth 
Laboratories  from  Dr.  Robert  Chanock  of  National  Institute  of  Allergy  and 
Infectious  Disease,  Bethesda,  Maryland.  The  strain  was  passaged  3  times  In  HEK, 
then  12  times  in  human  diploid  fibroblast  cultures  (WI-38) ;  the  product  was 
then  lyophilized,  mixed  with  an  inert  vehicle,  and  distributed  into  enteric 
coated  capsules  (Lot  16  CV-01001,  Wyeth).  The  capsules  were  shown  to  contain 
an  average  of  10^- ^  tissue  culture  median  infectious  dose  (TCIDjq)  when 
titrated  in  HEK  cell  cultures. 


Twenty-four  healthy  volunteers  found  to  be  free  of  demonstrable  adenovirus 
type  7  antibody  by  tissue  culture  neutralization  test  were  studied.  They  were 
divided  into  2  groups  designated  Groups  A  and  B.  Group  A  consisted  of  16 
volunteers  who  were  fed  10^* ^  TCID30  of  L-AV-7.  Group  B  consisted  of  8  up- 
vaccinated  subjects  who  were  administered  enteric  coated  placebo  capsules 
(enteric  coated  press  coat  tablet  Lot  350A-T-138,  Wyeth);  this  preparation 
was  shown  to  contain  no  cytopathogenic  agent  when  a  liquid  suspension  of  it 
was  inoculated  into  HEK  tissue  culture  tubes.  Volunteers  were  housed  on  2 
closed  wards;  each  ward  contained  volunteers  who  received  L-AV-7  and  volunteers 
who  received  the  placebo.  All  subjects  were  examined  twice  daily  for  21  days 
following  exposure  for  evidence  of  respiratory  disease  or  other  untoward 
reactions.  Each  subject  had  frequent  laboratory  evaluation  for  white  blood 
cell  and  differential  counts,  hematocrit,  platelet  counts,  SCOT,  SGPT,  direct 
and  indirect  serum  bilirubin,  BUN  and  alkaline  phosphatase  determinations. 

The  above  tests  were  performed  according  to  standard  laboratory  procedures - 


Blood  was  obtained  on  days  -5,  0,  7,  10,  14,  18,  21  and  35  for  serological 
studies.  Serum  neutralization  tests  were  performed  on  serum  samples  from 
volunteers  using  HEK  tube  cultrues  and  ADV  Type  7  strain  (A-3-143)  virus. 

Serum  neutralization  end-points  were  determined  at  a  time  when  the  test  dose  _ 
of  virus  showed  100  TCIDcn  in  HEK  tube  cultures.  Adenovirus  complement-fixation 
titers  on  0,  21,  35  day  serum  samples  were  determined  by  standard  microtiter 
procedures  against  an  antigen  prepared  against  ADV  Type  4  strain  RI-67 . 

Throat  washings  and  stool  (or  rectal  swab)  specimens  were  obtained  from 
each  volunteers  on  study  days  -4,  -3,  -2,  and  days  0  through  21;  0.3  ml  por¬ 
tions  of  each  throat  washing  and  0.3  ml  portions  of  a  10/^  suspension  of  each 
stool  specimen  were  inoculated  into  3  HEK  tube  cultures.  On  study  days  -4, 

-3  -2  portion  of  throat  washings  were  inoculated  into  WI-38  and  rhesus  monkey 

kidney  tube  cultures  in  addition  to  the  HEK  cells.  Tubes  were  incubated  at 
36  C  and  observed  for  cytopathic  effect  (CPE)  every  other  day.  Isolates 
exhibiting  characteristic  ADV  CPE  were  typed  in  tissue  culture  neutralization 
tests  using  HEK  tube  cultures  and  hyperimmune  ADV  Type  7  antiserum;  those 
exhibiting  typical  herpes  virus  CPE  were  typed  with  hyperimmune  Herpesyir^ 

hominis  antiserum. 
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No  abnormalities  in  hematocrit,  complete  blood  count,  platelet  count,  total 
direct  and  indirect  bilirubin,  SCOT,  SGPT,  alkaline  phosphatase,  BUN  or  urin¬ 
alysis  were  found  in  any  volunteers  in  the  immune  or  placebo  groups  during  the 
duration  of  the  study. 

ADV-7  nasopharyngeal  excretion  was  not  demonstrated  in  throat  washings  of 
either  immunized  or  placebo  volunteers.  Excretion  of  Herpesvirus  hominis  was 
demonstrated  in  throat  washings  of  4  volunteers ,  all  in  the  L-AV-7  immunized 
group. 

The  pattern  of  virus  excretion  in  the  stool  is  shown  in  Table  IV.  Eleven 
of  the  16  volunteers  receiving  L-AV-7  excreted  ADV  Type  7  in  the  stools.  ADV-7 
shedding  was  demonstrated  first  on  study  day  2  and  last  on  study  day  22.  Duration 
of  fecal  shedding  varied  from  8-18  days  with  a  mean  of  13  days.  None  of  the 
8  volunteers  receiving  the  placebo  tablet  excreted  ADV  in  the  stool  during  the 
study.  All  ADV  Isolated  were  typable  as  ADV  Type  7;  no  virus  other  than  ADV-7 
was  Isolated  from  stool  specimens  of  both  immunized  and  placebo  volunteers. 

TABLE  IV.  ADENOVIRUS  EXCRETION  IN  STOOL  IN  SUBJECTS  RECEIVING  L-AV-7-^^ 


VOLUNTEER 

NUMBER 

ONSET  OF  RECTAL 

SHEDDING 
(Day  of  Study) 

DURATION  OF 
EXCRETION  (Days) 

1 

6 

12 

3 

5 

9 

6 

3 

15 

9 

2 

8 

12 

5 

14 

13 

6 

14 

17 

4 

17 

18 

4 

18 

20 

6 

16 

21 

8 

8 

23 

4 

9 

a.  No  ADV-7  stool  excretion  was  found  in  the  placebo  group. 
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Table  V  is  a  summary  of  the  ADV-7  neutralization  titers  of  volunteers, 
(immunized  and  placebo)  on  days  21  and  35  after  immunization.  Neutralizing 
antibody  was  not  detected  in  the  sera  of  the  8  placebo  subjects  or  the  5 
immunized  volunteers  who  failed  to  excrete  ADV-7.  Antibody  responses  of 
the  11  ADV-7  immunized  excretors  were  minimal;  by  day  35  two  showed  no 
detectable  neutralizing  antibody  at  a  1  to  2  serum  dilution  and  maximal 
neutralization  titers  were  1:16. 

TABLE  V.  ADV-7  NEUTRALIZING  ANTIBODY  TITERS  IN  SUBJECTS  ADMINISTERED 
ORAL  L-AV-7 


NEUTRALIZATION  TITERS/ 

DAYS  ADV-7 

(Reciprocal) 

VOLUNTEER 

EXCRETION 

0  Day  21  Day  35  Day 

Immunized 


Excretors  ADV-7 

1 

12 

<2 

16 

16 

3 

8 

<2 

32 

16 

6 

15 

<2 

4 

4 

9 

8 

<2 

<2 

<2 

12 

11 

<2 

2 

2 

13 

14 

<2 

<2 

<2 

17 

15 

<2 

<2 

8 

18 

17 

<2 

<2 

4 

20 

16 

<2 

8 

4 

21 

8 

<2 

8 

8 

23 

9 

<2 

16 

8 

Non-Excretors 

4 

0 

<2 

<2 

<2 

7 

0 

<2 

<2 

<2 

10 

0 

<2 

<2 

<2 

15 

0 

<2 

<2 

<2 

24 

0 

<2 

<2 

<2 

Placebo 

2 

0 

<2 

<2 

<2 

5 

0 

<2 

<2 

<2 

8 

0 

<2 

<2 

<2 

11 

0 

<2 

<2 

<2 

14 

0 

<2 

<2 

<2 

16 

0 

<2 

<2 

<2 

19 

0 

<2 

<2 

<2 

22 

0 

<2 

<2 

<2 

a. 


Against  100  TCID^p  strain  A-3-1A3 
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Mild  afebrile  upper  respiratory  disease  was  noted  in  2  immunized  and  1  control 
volunteer.  In  all  3  instances,  the  symptoms  could  not  be  associated  with  pharyngeal 
or  stool  ADV-7  excretion. 

Four  immunized  volunteers  developed  diarrheal  illness,  one  with  fever  and  a 
rectal  temperature  of  102  F.  As  shown  in  Table  VI,  in  volunteer  no.  15  diarrhea 
was  not  associated  with  ADV-7  shedding.  In  3  patients  diarrhea  was  associated 
with  ADV-7  stool  excretion,  although  in  volunteer  no.  21  illness  was  first  mani¬ 
fested  7  days  after  ADV-7  excretion  began  and  2  days  before  virus  excretion  ceased. 
No  other  viral  pathogens  were  isolated  from  these  volunteers.  Thus,  it  is 
difficult  to  associate  all  4  diarrheal  episodes  with  ADV-7  infection,  although  an 
association  of  vaccine  ADV-7  with  disease  in  volunteers  17  and  20  cannot  be 
eliminated.  No  other  illnesses  were  detected  in  any  of  the  immunized  or  placebo 
volunteers  during  the  study. 

TABLE  VI.  RELATIONSHIP  BETWEEN  ADV-7  RECTAL  SHEDDING  AND  DIARRHEA  IN  IMMUNIZED 
SUBJECTS. 


VOLUNTEER 

NUMBER 

STOOL  EXCRETION  ADV-7 
(Study  Days) 

DIARRHEA 
(Study  Days) 

15 

NONE 

2-4 

17 

4-17,20 

3 

20 

9-21 

9-13 

21 

8-15 

14-16 

Since  only  11  of  16  volunteers  developed  ADV-7  neutralizing  antibodies,  the 
infection  rate  with  this  lot  of  vaccine  virus  appears  too  low  for  use  in  man. 

The  pattern  of  stool  ADV-7  excretion  in  volunteers  infected  with  L-AV-7  was 
found  comparable  to  that  of  ADV-4  vaccine  virus  stool  excretion.—' 

No  evidence  of  communicability  of  the  vaccine  virus  was  found;  8  placebo 
volunteers  who  lacked  detectable  serum  ADV-7  neutralizing  antibody  and  who  were 
housed  with  the  immunized  group  showed  no  virus  excretion  and  did  not  develop 
neutralizing  antibody  rises  during  the  course  of  the  study.  Serum  neutralizing 
antibody  titers  were  low  with  2  of  11  ADV-7  excretors  lacking  demonstrable 
neutralizing  antibody  at  a  1:2  dilution. 

Summary,  Part  IV: 

Adenovirus  vaccine,  live,  oral,  type  7,  Lot  16  CV-0100  (L-AV— 7)  was  adminis¬ 
tered  to  16  volunteers.  It  was  found  to  be  safe  and  of  low  reactogenicity ,  but 
exhibited  a  low  degree  of  infectivity.  Eleven  of  16  vaccinees  excreted  virus  in 
the  stool.  No  pharyngeal  excretion  of  ADV-7  was  observed  in  any  of  these  volunteers. 
No  evidence  for  person  to  person  transmission  of  vaccine  virus  was  obtained. 
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Approximately  68%  of  vaccine|SQdeveloped  infection  when  administered 
an  oral  dose  of  approximately  10.  '  TCID^q. 

ProRress,  Part  V: 

TIi6  antigBnic  pliasG  of  tliG  S6ed  matonsil  Coxislls  (HBnzGirling 

strain),-'  was  tested  to  verify  that  the  antigen  had  remained  predominantly 

Phase  I. 

The  passage  history  of  the  seed  material  is  as  follows: 

1.  Henzerling  isolate. 

2.  Six  guinea  pig  passages. 

3.  Twenty-two  egg  passages. 

4.  One  guinea  pig  passage,  USAMRIID. 

5.  Four  egg  passages,  WRAIR,  RIF-free  eggs. 

6.  One  guinea  pig  passage,  USAMRIID,  guinea  pig  serologically 
negative  for  murine  viruses. 


7.  Two  egg  passages,  WRAIR,  RIF-free  eggs. 

Twenty  per  cent  yolk  sac  slurry  of  the  2nd  egg  passage  material  was 
titrated  by  various  methods.  Findings  were  10  '  median  lethal  doses 
(LDcn)/ml  in  embryonated  eggs  (WRAIR),  102  guinea  pig  intraperitoneal  (GPIP) 
LD  ^/ml.  lO^-^  GPIP  median  fever  dose  (FD^q)^!  (fever  =  temperature  ^105  F) , 
an^^lO^*^*^  GPIP  median  complement  fixation  titer  (CF^q)  (28th  and  42nd  day. 
Phase  II  -  CF^q) . 

Guinea  pigs  inoculated  with  10  ^  and  10  ^  dilutions  of  the  seed  material 
remained  seronegative  to  the  following  adventitious  viruses  30  days  post¬ 
inoculation:  PVM,  Reo3,  GDVII,  Polyoma,  Sendai,  KRV,  H-1,  SV^,  Mouse  Adeno, 
Mouse  Hepatitis  and  LCM. 

free  chickens  obtained  from  the  National  Institute  of  Health  (NIH) , 
Bethesda,  Maryland,  were  inoculated  with  0.5  ml  of  seed  material.  Serum 
samples  were  collected  1,  2,  and  3  months  postinoculation  and  forwarded  to 
Dr.  Nicola  M.  Tauraso,  NIH,  for  testing  for  avian  leukosis  viruses  (ALV)  and 
ALV  antibody.  ALV  and  ALV  antibody  could  not  be  detected  in  the  sera  by  RIF, 
complement  fixation  for  avian  leukosis,  or  fluorescent  antibody  tests  — 

Summary.  Part  V: 

A  quantity  of  C.  burneti  (Henzerling  strain),  2nd  egg  passage  material, 
was  titrated  for  infectivity  in  guinea  pigs  and  embryonated  eggs;  serologic 
testing  indicates  the  material  has  remained  free  of  adventitious  agents. 
Second  egg  passage  material  contains  the  maximum  amount  of  Phase  I  antigenic 
material,  and  will  be  used  to  prepare  future  stocks  of  vaccine. 
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Progress,  Part  VI; 

The  safety  and  efficacy  of  formalinized  staphylococcal  enterptoxOid  B 
(SEB)  was  evaluated  in  rhesus  monkeys  (Macaca  mulatta) .  The  toxoid  was  pro¬ 
duced  under  contract  by  Charles  Pfizer  Company,  Inc.,  Terre  Haute,  Indiana. 

To  date,  data  have  been  obtained  on  a  small  experimental  lot  (Lot  44  and  44D) 
and  larger  production  lot  (Lot  87285).  The  manufacturing  processes  used  to 
prepare  these  lots  are  summarized  in  Table  VII. 

TABLE  VII.  MANUFACTURING  PROCESS  SUMMARY,  DETOXIFICATION  OF  SEB 


LABORATORY  ,  PRODUCTION 

Lot  44  &  440^^ _ Lot  87285 


Production  Date 

Initial  Toxin  (SEB  Lot  14-31R) ,  mg 

Diluent-Phosphate  Buffer  at  pH  7.5, 
containing  0.8%  Formalin,  ml 

Initial  Concentration  Toxoid,  mg/ml 

Detoxification  at  37  C,  days 

Final  Concentration  Toxoid,  pg  N2/ml 

Concentration  Thimerosol  Final 
Product,  yg/ml 

Formalin  Concentration  Final  Product 


December  1966  June  1968 

200  4,000 

100  2,000 

2  2 

30  40^^ 

260,  34  101 

100  49 

%  <0.002  0.016 


a.  Lots  44  and  44D  differ  only  in  concentration  of  yg  nitrogen  in  the  final 
production. 

b.  Detoxification  was  not  complete  at  30  days. 

To  establish  a  safety  margin,  monkeys  were  given  doses  of  500  and  1000  yg 
toxoid  N2  subcutaneously  (the  proposed  vaccination  dose  of  toxoid  is  50  yg  N2). 
The  monkeys  were  maintained  in  restraint  chairs J  rectal  temperatures  were 
continuously  monitored  by  rectal  thermocouple  probes  and  a  Honeywell  Electronik 
15  Recorder  (Honeywell,  Inc.,  Lutherville,  Maryland).  The  temperature  response 
of  each  animal  was  plotted  on  graph  paper  containing  30  boxes  per  1/2  in.  All 
the  boxes  beneath  the  curve,  and  above  a  baseline  representing  48  hr  prevacci¬ 
nation,  were  added  together  and  subtracted  from  the  sum  of  the  boxes  under 
the  curve  for  postvaccination.  This  nvimber  was  termed  the  raw  fever  score. 

An  equal  number  of  monkeys  were  used  as  shams  and  were  given  phosphate  buffer. 
An  animal  was  called  positive  for  fever  if  his  raw  fever  score  was  greater 
than  the  mean  +  2  SD  of  the  raw  fever  scores  of  the  sham  vaccinated  monkeys. 


99 


‘  ^WmiPIJ  OP  ,  DFG» 


The  results  of  the  safety  tests  are  shown  in  Table  VII.  Other  than  fever,  no 
evidence  of  residual  toxicity,  such  as  emesis,  diarrhea  or  death,  was  observed. 
No  significant  local  reactions  at  the  inoculation  sites  or  typical  hypersens  - 
tivity  reactions,  either  at  the  time  of  the  2nd  toxoid  dose  or  at  the  time  of 
challenge,  were  seen  in  these  animals  or  those  used  in  the  protection  studies. 

TABLE  VII.  DETOXIFICATION  (SAFETY)  TESTS  OF  SEB  TOXOID. 


DAYS 

DETOXIFIED 

DOSE 
ug  No 

LAB  LOT  44  &  44D 

PRODUCTION 

LOT  87285 

RhesuSiS./^ 

Rhesus^^ 

CynomologusEL/ 

Ill/Total 

Ill/Total 

Ill/Total 

30 

500 

0/2 

- 

2/6  (Emesis 

1,000 

0/2 

- 

- 

40 

500 

- 

0/6 

1,000 

2/8  1/2^^ 

(Fever  only,  no  emesis) 

a.  Performed  by  USAMRIID  personnel. 

b.  Performed  at  Charles  Pfizer  Company. 

c.  SEB  hemagglutination  antibody  negative. 

d.  SEB  hemagglutination  antibody  postive. 

For  the  protection  tests,  SEB  hemagglutinating  antibody-negative  rhesus 
monkeys  weighing  2-A  kg  were  used.  The  various  vaccination  and  challenge 
schedules  used  to  date  are  shown  in  Table  IX. 

TABLE  IX.  SCHEDULE  FOR  VACCINATION  AND  CHALLENGE  OF  MONKEYS 


VACCINE  DAY 

0,  28 
0,  28 
0,  28 
0,  28 
0,  28 
0»  28 _ 


LOT 


TOXOID  DOSE 
ug  Nitrogen 


CHALLENGE 

Months^' 


44 

44 

44 

44 

44 

87285 


80 

1.5 

80 

12.0 

34 

1.5 

34 

6-7 

34 

1.5 

50 

1.5 

a. 


Time  after  2nd  toxoid  dose. 


TABLE  X.  EFFICACY  OF  TWO  DOSES  STAPHYLOCOCCAL  ENTEROTOXOID  B  IN  MONKEYS  CHALLENGED  WITH  SEB. 


3/8,  3/12,  3/10,  3/12 
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As  can  be  seen  in  Table  X,  vaccination  provided  a  high,  though  certainly 
not  absolute,  degree  of  protection  against  illness  with  intravenous  (IV)  or 
aerosol  challenge  of  10  ug/kg  SEB.  In  addition,  those  animals  that  did 
become  ill  appeared  to  recover  much  faster  than  the  corresponding  controls. 
The  toxoid  also  provided  some  protection  against  the  lethal  effects  of  a 
300  yg/kg  IV  or  aerosol  challenge  with  SEB,  as  long  as  the  toxoid  dose  was 
^  3A  yg  N2  for  both  doses.  Based  on  these  results  and  the  comparison  of 
Serological  data,  it  was  tentatively  concluded  that  2  doses  of  at  least 
34  yg  N2/dose  should  be  used  for  vaccination.  Although  the  number  of  animals 
challenged  at  6  months  and  1  yr  after  vaccination  is  very  small,  the  pro¬ 
tection  afforded  by  the  toxoid  does  appear  to  be  maintained  for  at  least  6 
months  when  animals  received  2  doses  of  34  yg  ,  and  as  long  as  1  yr  when 
they  received  2  doses  of  80  yg  N2. 

To  establish  the  storage  life  of  the  toxoid  at  4  C,  monkeys  were 
vaccinated  after  the  toxoid  had  been  stored  for  1  yr  (Table  XI) .  It  appears 
that  the  toxoid  retains  its  activity  for  1  yr  under  these  conditions. 

TABLE  XI.  EFFICACY  OF  LOT  44  TOXOID  AFTER  STORAGE  AT  4  C 


C HALLENGE  DOSE  IV 


AGE  TOXOID 

TOXOID  DOSE 

10  yg/kg 
Ill/Total 

300  yg/kg 

Dead /Total 

1000  yg/kg 
Dead/Total 

(Lot  44) 

yg/N? 

va/ 

C 

V 

C 

V  C 

1  mon 

80 

0/5 

5/5 

- 

3/5  4/5 

13  mon 

80 

1/8 

8/8 

3/8 

4/8 

- 

a.  See  footnote  C  Table  VIII. 

Summary,  Part  VI: 

The  safety  and  efficacy  of  a  formalized  SEB  was  evaluated  in  rhesus 
monkeys.  The  toxoid  had  a  safety  margin  in  monkeys  at  least  10  times  the 
proposed  vaccination  dose.  It  partially  protected  against  the  illness 
and  lethal  effects  producted  by  SEB  toxin  given  by  aerosol  and  IV  routes. 

Publications: 

1.  Maire,  III,  L.  F. ,  R.  W.  McKinney,  and  F.  E.  Cole,  Jr.  1969. 
Studies  with  an  inactivated  eastern  equine  encephalitis  vaccine  progagated 
in  chick  embryo  cell  culture.  I.  Production  and  testing.  Amer.  J.  Tropv 
Med.  In  press. 

2.  Bartelloni,  P.  J. ,  R.  W.  McKinney,  T.  P.  Duffy,  and  F.  E.  Cole,  Jr. 
1969.  Studies  with  an  inactivated  eastern  equine  encephalitis  vaccine  pro¬ 
pagated  in  chick  embryo  cell  cultures.  II.  Clinical  and  serological 
responses  in  man.  Amer.  J.  Trop.  Med.  In  press. 
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Description; 

Determine  the  feasibility  of  combining  various  immunizing  antigens; 
establish  the  best  means  to  use  such  combinations  and  evaluate  their 
immunogenicity . 

Progress,  Part 

Vaccination  of  mice  and  a  combination  of  attenuated  Venezuelan  Equine 
Encephalitis  (VEE)  (TC-83)  and  living  tularemia  vaccine  (LVS)  markedly 
increased  mortality  from  vaccination  alone. — '  Simultaneous  vaccination 
in  separate  sites  on  the  animal  gave  similar  results.  Animals  that 
survive  vaccination,  however,  are  solidly  protected  against  challenge 
with  virulent  Pasteurella  tularensis  and  VEE  virus,  while  about  15-20% 
of  mice  receiving  LVS  vaccine  alone  usually  succumb  to  tularemia 
challenge. 

These  observations  led  us  to  examine  the  question  of  whether  staggering 
the  timing  of  the  immunizations  might  reduce  vaccination  mortality  and  at 
the  same  time,  give  increased  protection  against  tularemia  challenge.  In 
addition,  during  the  course  of  the  year  the  work  with  LVS-TC-83  vaccination 
and  other  combinations  of  vaccines  was  extended  to  guinea  pigs  and,  in  2 
cases ,  to  monkeys . 

The  following  vaccines  and  dosages  were  used  singly  and  in  combinations: 
(1)  LVS:  3  X  10^  -  1  X  10^  organisms  for  mice,  1  x  10®  for  guinea  pigs 
and  monkeys;  (2)  TC-83:  one  standard  human  dose  (approximately  1  to 
5  X  103  guinea  pig  intraperitoneal  infecting  doses  -  GPIPID)  in  all  cases; 
(3)  EV  51  F  strain  of  attenuated  plague:  3  x  10^  organisms;  (4)  SEB 
toxoid;  50  yg  toxoid  N  (monkeys  only) .  Results  of  this  work  are 
summarized  under  appropriate  sections  below. 

Staggered  immunization  with  LVS  and  TC-83  vaccines .  Mice ;  Groups  of 
20  animals  were  immunized  with  LVS  at  7,  5,  4,  3,  2  and  1  days  prior  to 
and  after  TC-83,  as  well  as  simultaneously  and  alone. 

Separation  of  the  vaccines  by  at  least  4-7  days  reduced  vaccination 
mortality  from  the  combinations;  in  some  Instances,  survival  of  the  vaccines 
after  virulent  challenge  appeared  to  be  somewhat  better  than  in  the  group 


of  animals  given  LVS  alone.  However,  the  only  animals  solidly  protected 
against  challenge  were  those  in  the  group  given  the  2  vaccines 
simultaneously . 

Serological  studies  revealed  no  differences  in  response  among  the 
groups.  All  sera  were  negative  in  tularemia  agglutination  tests  prior  to 
challenge;  occasional  sera  from  survivors  showed  titers  of  1:20  or  1:40. 
Results  of  VEE  hemagglutination-inhibition  (HI)  tests  were  similar  to 
animals  vaccinated  with  TC-83  alone. 

Guinea  pigs :  Animals  were  vaccinated  at  the  intervals  described 
above  for  mice.  There  were  no  deaths  from  immunization  in  any  group. 

There  was  good  serological  response  to  both  vaccines.  But  none  of  the 
animals  survived  tularemia  challenge,  although  time  to  death  was  prolonged 
beyond  that  of  controls . 

Monkeys :  There  were  no  untoward  reactions  to  the  vaccine  combinations 
in  this  species.  The  serological  response  to  LVS  was  identical  in  all 
groups.  However,  there  appeared  to  be  a  significant  depression  of 
serological  response  to  VEE  in  animals  given  LVS  1  day  prior  to  TC-83. 

This  experiment  will  be  repeated  as  soon  as  sufficient  numbers  of  animals 
are  available  for  this  study.  None  of  the  monkeys  were  challenged 
following  immunization.  It  is  hoped  that  a  virulent  challenge  can  be 
included  in  the  next  experimental  protocol. 

Combined  TC-83,  LVS  and  EV  51  F  plague  vaccines .  Groups  of  guinea  pigs  were 
vaccinated  with  each  of  the  vaccines  separately  and  in  combination.  In  one 
exploratory  experiment,  additional,  similar  groups  were  given  the  respective 
vaccines  in  a  diluting  fluid  containing  the  preservatives  (phenol  or 
methiolate)  used  in  typhoid,  Q  fever  and  tetanus  toxoid  vaccines,  to 
determine  the  effect  of  these  substances  on  the  immunogenicity  of  the  living 
vaccines,  prior  to  work  combining  them  with  the  killed  vaccines  indicated. 

There  were  no  deaths  or  other  untoward  effects  from  vaccination  alone. 

The  serological  responses  of  the  guinea  pigs  were  not  affected  by  the 
presence  of  preservatives  in  any  case.  Tularemia  agglutinin  titers  and  VEE 
HI  antibody  levels  were  identical  in  all  animals  given  these  vaccines  in 
combination  or  alone,  with  or  without  preservatives. 

There  was  evidence,  however,  that  the  peak  plague  heraagglutlnatlng  (HA) 
antibody  response  was  definitely  delayed  in  animals  given  the  triple  vaccine. 
Plague  antibody  titers  of  sera  taken  at  14  and  28  days  from  groups  of 
10  and  7  animals,  respectively,  in  2  different  experiments  are  shown  in 
Table  I.  As  can  be  seen  from  the  table,  the  mean  titers  of  animals  given 
plague  alone  had  reached  a  peak  at  14  days  postimmunization.  On  the  other 
hand,  peak  titers  in  animals  given  the  triple  vaccine  were  not  reached 
until  sometime  between  14  and  28  days.  In  addition,  titers  in  these  animals 
at  28  days  were  slightly  higher  than  in  animals  given  plague  vaccine  alone. 
This  observation  will  be  explored  further  in  later  studies. 


TABLE  I.  RESPONSE  OF  GUINEA  PIGS  TO  VACCINATION  WITH  LIVING  ATTENUATED  PLAGUE 
VACCINE  ALONE  AND  IN  COMBINATION 
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All  animals  with  any  detectable  HA  antibody  to  plague  survived  a 
virulent  challenge  with  approximately  100  LD50  of  virulent  plague 
organisms. 

LVS  -  SEE  toxoid  combination  in  monkeys.  Several  years  ago,  Greenberg 
et  ghriTjpd  that  LVS  in  combination  with  anthrax  protective  antigen 

markedly  enhanced  the  protective  efficacy  of  APA  in  guinea  pigs.  The 
possibility  that  LVS  might  have  an  "adjuvant"  effect  on  staphylococcal 
enterotoxin  B  (SEE)  toxoid  in  monkeys  was  explored. 

A  group  of  12  monkeys  was  given  the  combination  of  LVS  and  SEE  toxoid; 
their  serological  responses,  as  well  as  their  responses  to  challenge  with 
toxin,  were  compared  with  a  similar  group  of  animals  given  tokoid  alone. 

There  was  no  detectable  difference  between  the  groups  in  either  case. 

The  toxoid  used  was  fluid  —  not  alum  precipitated,  as  had  been  the  case 
with  APA.  The  possibility  that  this  difference  in  physical  state  of  the 
non-living  antigens  used  might  account  for  lack  of  adjuvant  action  of  LVS 
and  will  be  explored  as  soon  as  alum-precipitated  SEE  toxoid  becomes 
available. 

Smnmary ,  Part 

Simultaneous  vaccination  of  mice  with  LVS  and  TC-83  always  results  in 
markedly  increased  vaccine  mortality,  but  survivors  are  better  protected 
against  virulent  tularemia  challenge  than  animals  given  LVS  alone. 

Separation  of  the  2  vaccines  by  4-7  days  reduces  vaccine  mortality ,  but 
gives  only  slightly  increased  protection.  The  same  combinations  in  guinea 
pigs  and  monkeys  do  not  give  untoward  reactions  or  death  in  these  species, 
but  there  is  also  no  enhancement  of  immunity  to  tularemia. 

Mice  rarely,  if  ever,  develop  a  detectable  serological  response  to  LVS 
vaccination  either  alone  or  in  combination  with  TC-83.  Guinea  pigs  and 
monkeys,  however,  respond  with  relatively  high  titers  of  agglutinins  to  the 
single  or  combined  vaccine. 

Vaccination  of  guinea  pigs  with  a  combination  of  LVS,  TC-83  and  living 
attenuated  plague  delays  the  appearance  of  peak  antibody  titers  to  plague, 
but  may  enhance  final  antibody  response. 

LVS  does  not  appear  to  have  an  adjuvant  effect  on  response  to  SEE 
toxoid  in  monkeys. 

Progress ,  Part  J.I : 

Studies  on  the  effect  of  TC-83  on  the  immune  response  of  guinea  pigs 
have  been  extended  to  include  delayed  hypersensitivity-like  reactions.  The 
techniques  used  have  been:  the  standard  intradermal  (ID)  skin  test, 
measurements  of  the  swelling  of  the  foot  pad  following  intradermal  injection. 


and  the  In  vitro  migration  of  macrophages  from  a  capillary  by  the 
technique  of  David  ^  Swelling  of  the  foot  was  measured  24  hr 

after  ID  injection  of  the  test  antigen.  The  foot  of  the  animal  was 
immersed,  to  a  tatooed  line,  in  a  beaker  of  mercury  placed  on  a  balance, 
then  counter-balanced  with  water  from  a  burette.  The  amount  of  water 
used  to  rebalance  the  balance  is  a  measure  of  the  size  of  the  foot. 
Differences  in  measurements  taken  before  and  after  injection  reflect  the 
degree  of  swelling,  and  thus  the  animal's  response  to  the  antigen. 


David's  technique  uses  oil- induced  peritoneal  exudates  containing 
lymphocytes  and  macrophages.  These  cells  are  washed,  packed  in  capillary 
tubes,  and  incubated  24  hr  in  small  plastic  petri  dishes. 

In  control  media  of  Eagles'  minimal  essential  mediijm  (MEM)  with  15% 
normal  guinea  pig  serum,  the  cells  migrate  from  the  end  of  the  capillary  tube 
over  the  bottom  of  the  petri  dish.  Addition  of  various  test  agents  to  the 
media  will  inhibit  cell  migration  to  an  extent  dependent  upon  the 
sensitization  of  the  cells  and  the  concentration  of  the  test  agent. 


Tracing  an  enlarged  projection  of  the  cell  migration  and  subsequent 
planimetry  allows  quantitative  measurements.  Results  are  expressed  as 
per  cent  migration  of  the  cells  exposed  to  a  test  substance,  taking  the 
migration  of  control  cells  as  100%.  Data  in  the  accompanying  tubes 
represents  the  mean  per  cent  migration  from  4  capillaries  in  2  petri  dishes. 

David  and  others^/  have  shown  that  inhibition  of  macrophage  migration 
by  this  technique  correlates  with  ^  vivo  measurements  of  delayed 
hypersensitivity.  It  should  be  noted  that  the  purified  protein  derivative 
of  tuberculin  (PPD)  used  was  the  tablet  form  of  PPD,  which  contains 
expecient.  This  form  of  PPD  alone  Inhibits  macrophage  migration  from 
normal  animals. 


All  animals  were  vaccinated  subcutaneously  with  0.5  ml  of  TC-83 
containing  1  x  10^  GPIPID.  The  animals  were  injected  in  the  foot  pads 
and  into  the  neck  with  0.5  ml  of  a  1:1  mixture  of  complete  Freund's 
adjuvant  (CFA)  and  bovine  gamma  globulin  (BGG)  (2  mg/ml)  24  hr  later. 

Investigations  have  centered  on  2  problems :  the  interference  by 
previous  exposure  to  TC-83  with  the  usual  inhibition  of  macrophage 
migration  observed  with  expecient-containing  PPD,  and  evidence  for  an 
adjuvant  effect  of  TC-83  on  delayed  hypersensitivity.  Table  II  shows  that 
vaccination  with  TC-83,  24-48  hr  before  exposure  to  PPD  or  complete  Freund's 
adjuvant  (CFA) ,  significantly  reduces  the  inhibition  of  macrophage 
migration  by  expecient-containing  PPD  when  tested  on  day  7.  This  effect 
is  no  longer  observed  on  day  14.  The  same  phenomenon  is  not  observed 
with  BGG.  Table  III  shows  the  results  of  experiments  to  determine  whether 
exposure  to  TC-83  alone  is  responsible  for  the  phenomenon.  As  can  be  seen, 
normal  animals,  animals  receiving  TC-83  alone,  and  animals  immunized  with 
CFA/BGG  all  respond  similarly,  but  cells  from  animals  receiving  TC-83 
before  immunization  with  CFA/BGG  are  no  longer  inhibited  by  PPD. 


ICFA  -  Incomplete  Freund's  adjuvant. 


114 


^liHimJOU,UFGk 


H 

n 

I 

00 

(jO 


O  O 
^Tj  trj 

>  > 


03  03 
O 

o 


8 


I 

00 

ET 


vj  Ln 
VO  ^ 


I  I 


H 

O 

I 

00 

U3 


►d  03 
03  03 
C3  C3 


OJ  U) 
00  (-* 


CO  CO 
O'  Cn 


Cn  NJ 
H-*  VO 


I  I 


cn  cn 


'-4  00 
N3  'O 


I  I 


~o  00 

VO  ■P' 


V31  cn 


H 

O 

I 

00 

CO 


ts3  N3 


00 
js  cn 


cn 

00  CO 


^  00 
4>  03 


I  I 


4>-  4> 


H 

? 

00 

CO 


^  Q 

Ol  ^ 
>  > 


03  03 
■  O 
O 


8 


VO  Ln 


I  I 


OJ 
Lo  On 


t  I 


o^  to 
O  on 


OO  U> 


TABLE  II.  EFFECT  OF  TC-83  VACCINATION  ON  GUINEA  PIG  MACROPHAGE  MIGRATION  IN  VITRO 
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TABLE  III. 


SUMMARY  OF  TC-83  EFFECT  ON 


MACROPHAGE  MIGRATION  AT  ONE  WEEK 


%  MIGRATION  COMPARED 
NOT  EXPOSED  TO  ANTIGEN 

TO  CELLS 

ON  DAY  7 

EXPOSURE 

OF  ANIMALS 

PPD 

BGG 

-24  hr 

0 

Mean  Range 

Mean 

Range 

AIN  IrLAijO  /  LiKUUr 

BSS 

BSS 

64  (43-78) 

98 

(69-131) 

11 

TC-83 

BSS 

67  (43-88) 

101 

(89-120) 

6 

BSS 

CFA/BGG 

61  (43-79) 

92 

(67-114) 

8 

TC-83 

CFA/BGG 

87  (57-123) 

100 

(86-113) 

14 

No  such  phenomenon  is  observed  in  the  same  animals  when  tested  with  BGG. 
Thus  the  exposure  to  TC-83  followed  by  exposure  to  a  PPD  containing 
antigen,  but  neither  VEE  alone  or  antigen  alone,  alters  die  test  system 
such  that  macrophages  no  longer  respond  by  showing  inhibition. 


Table  IV  shows  the  results  of  testing  groups  of  animals  of  10  each  by 
the  foot  pad  swelling  test.  The  size  of  the  foot  was  calculated  before 
exposure  to  antigen  and  24  hr  later.  Batson’s  unpaired  t  test_/  was 
applied  to  the  data  to  determine  significance  of  the  differences  observed. 

At  1  week,  animals  receiving  TC-83  before  antigen  did  respond  toPPD,  but 
animals  receiving  antigen  alone  did  not.  These  results  are  consistent  with 
enhancement  by  VEE  of  the  expression  of  delayed 

PPD.  These  results  are  opposite  to  those  observed  with  the  in  vitro  system 
and  may  be  influenced  by  antibody  (vide  infra) . 

Results  of  the  in  vitro  experiment  do  not  indicate  whether  the  action 
of  VEE  at  7  days  is  an  interference  with  the  immunologic  mechanism  or  a 
nonimmunologic  alteration  in  the  metabolism  of  the  antigen.  Current  work 
is  directed  along  2  lines.  Expecient-free  PPD  is  being  tested  to  determine 
the  possible  role  of  the  impurities.  Other  experiments  are  underway  to 
detemine  whether  the  macrophage  or  the  lymphocyte  is  the  primary  cell 
involved  preventing  the  action  of  PPD. 

The  failure  of  a  delayed  hypersensitivity  response  has  been  termed  energy 
and  is  well  recognized  in  man  following  certain  viral  infections  such  as 
measles,  in  neoplastic  diseases  such  as  Hodgkin  s  disease,  and  some 
diseases  of  unknown  etiology  such  as  sarcoidosis.  Vaccination  with  TC  83 
may  serve  as  an  animal  model  for  the  study  of  anergy. 
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Evidence  for  a  long  term  adjuvant  effect  of  TC-83  injection  also  has 
been  contradictory  by  the  3  techniques  employed.  Table  IV  indicates  a 
significant  sensitivity  to  both  PPD  and  BGG  in  animals  receiving  CFA/BGG 
alone  at  day  105  after  immunization;  animals  receiving  tC-83  +  CFA/BGG^ 
alone  do  not  show  the  same  degree  of  sensitivity.  The  data  presented  in 
Table  IV  must  be  examined  with  2  facts  in  mind:  (1)  the  role  of  antibody 
in  producing  foot  pad  swelling  is  not  defined;  (2)  the  mechanics  of  the 
technique  make  it  of  less  than  optimal  sensitivity.  By  skin  test 
criteria,  we  know  that  most  animals  immunized  with  CFA/BGG  are  sensitive 
to  both  PPD  and  BGG  on  days  21  and  35  postimmunization.  Because  of  the 
inertia  in  the  mechanical  balance  used  to  make  these  measurements ,  only 
large  differences  will  be  manifest.  Thus,  the  test  is  going  to  show  large 
differences,  but  results  do  not  necessarily  correlate  well  with  skin  test 
sensitivity. 

Table  V  presents  values  for  skin  tests  in  animals  receiving  TC-83 
before  antigen  and  animals  receiving  antigen  alone.  Animals  immunized 
with  incomplete  Freund's  adjuvant  containing  PPD  and  BGG  after  TC-83  had 
significantly  larger  skin  induration  than  animals  which  did  not  receive 
the  vaccine.  No  evidence  of  sensitivity  was  seen  using  PPD  alone  as  the 
antigen. 

TABLE  V.  EFFECT  OF  TC-83  ON  SKIN  TEST  REACTIONS  TO  PPD 


MEAN  AREA  OF  INDURATION 

EXPOSURE 

OF  ANIMALS 

FOLLOWING  PPD  TEST  BY 

DAYS 

-24  hr 

0 

18 

35  50 

71 

105 

TC-83 

ICFA/BGG/PPD^^ 

ICFA/BGG/PPD 

34 

36 

41  10.4 

59  38.0 

£  <.05 

26 

99 

£  < . 001 

PPD 

21 

8 

TC-83 

PPD 

29 

25 

a.  ICFA  =  Incomplete  Freund's  adjuvant 


Three  of  the  above  groups  of  animals  were  sacrificed  between  105  and  140 
days  postimmunization  and  sensitivity  to  PPD  and  BGG  was  tested  by 
macrophage  migration.  The  only  group  in  which  an  adjuvant  effect  of  VEE  was 
apparent  is  indicated  in  Table  VI. 
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TABLE  VI.  MACROPHAGE  MIGRATION  ON  DAY  140  AFTER  IMMUNIZATION 


EXPOSURE 

OF  ANIMALS 

PER  CENT  MIGRATION  WHEN 

TESTED  WITH 

-24  hr 

0 

PPD 

BGG 

— 

CFA/BGG 

39  +  12 

37  +  11 

VEE 

CFA/BGG 

17+7 

53  +  10 

t 

£  =  < .05 

ns 

Summary ,  Part  II : 

TC-83  has  been  shown  to  interfere  with  the  early  expression  of  delayed 
hypersensitivity  to  PPD  using  an  ^  vitro  technique.  This  effect  is 
dependent  on  prior  immunization  of  the  animal  with  PPD  and  TC-83.  Studies 
are  currently  undeirway  to  determine  the  cellular  site  of  action  of  this 
phenomenon  and  whether  the  action  is  immunologic  or  metabolic.  In  vivo 
studies  indicate  an  enhancement  by  TC-83  of  the  animal's  response  to 
antigen,  but  the  role  of  antibody  in  this  response  is  not  defined. 

TC-83  does  occasionally  have  an  adjuvant  effect  on  delayed  hypersensi¬ 
tivity  responses  to  PPD  in  guinea  pigs,  as  determined  by  in  vitro  tests. 

This  effect  is  best  demonstrated  3-4  months  after  exposure  to  the  vaccine 
and  antigen.  By  in  vivo  testing  the  opposite  is  true.  Again,  the  role  of 
antibody  is  not  defined. 

Progress ,  Part  III ; 

Studies  on  the  effect  of  vaccination  with  the  living  attenuated  strain 
of  VEE  (TC-83)  on  antibody  response  to  several  purified,  soluble  antigens 
in  guinea  pigs  and  mice  have  been  completed.  Results  of  this  work  are 
summarized  in  the  two  publications  listed. 

Presentation: 

1.  Howard,  R.  J.,  C.  P.  Craig,  W.  A.  Hook,  and  S.  E.  Mergenhagen. 
Enhanced  humoral  immunity  in  mice  injected  with  attenuated  Venezuelan 
equine  encephalitis  virus.  Presented  at  Federation  of  American  Societies 
for  Experimental  Biology.  13-18  April  1969. 

Publications : 

1.  Craig,  C.  P.,  S.  L.  Reynolds,  J.  W.  Airhart,  and  E.  V.  Staab.  1969. 
Alterations  in  immune  responses  by  attenuated  Venezuelan  equine  encephalitis 
vaccine.  I.  Adjuvant  effect  of  VEE  injection  in  guinea  pigs.  J.  Immun. 

In  press. 


2.  Airhart,  J.  W. ,  G.  S.  Trevino,  and  C.  P.  Craig.  1969. 

Alterations  in  immune  responses  by  attenuated  Venezuelan  equine 
encephalitis  vaccine.  II.  Pathology  and  soluble  antigen  localization 
in  guinea  pigs.  J.  Immun.  In  press. 
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23.  (U)  Study  antigen  binding  properties  of  antibodies  as  a  means  of  assessment  of 
protective  efficacy  of  experimental  vaccines  and  therapeutic  antisera  against  bacterial 
and  viral  agents . 

24.  (U)  Establish  an  arbitrary  scale  to  express  binding  affinities  in  place  of 
presently  used  equillbriinn  constants,  utilizing  different  biological  or  physical 
chemical  techniques.  Results  will  be  related  to  protection  tests. 

25.  (U)  68  07  -  69  06  -  In  sera  from  early  bleedings  of  groups  of  rabbits  hyperimmunized 
with  bovine  semm  albumin  (BSA)  in  3  different  physical  states,  binding  capacity  was 
greater  than  precipitin  activity,  but  precipitins  rose  to  equal  binding  levels  in  later 
bleedings.  BSA  in  Freund's  adjuvant  stimulated  much  higher,  more  sustained  total 
qxiantities  of  antibody  than  did  soluble  or  alum  precipitated  BSA  during  the  60-day 
period  following  immunization. 

The  anamnestic  response  to  boosters  a  year  later  indicated  that  all  3  groups  had  beei 
equally  primed  by  the  initial  immunizations.  Therefore,  measurements  of  serological 
response  during  the  30-60  days  following  a  primary  immunization  series  may  not  reflect 
the  true  immime  state  of  the  animal. 

It  was  foxmd  that  degradation  of  BSA  by  pronase  is  markedly  inhibited  (up  to  95%) 
after  combination  of  the  antigen  with  antibody.  The  extent  of  the  protection  against 
enzyme  hydrolysis  afforded  by  different  BSA  antisera  was  roughly  proportional  to  their 
binding  capacity. 
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BODY  OF  REPORT 


Project  No.  1B662706A096 : 
Task  No.  1B662706A096  02: 

Work  Unit  No.  096  02  005: 


Medical  Defense  Aspects  of  Biological  Agents  (U) 

Prevention  and  Treatment  of  Biological  Warfare 
Casualties 

Studies  on  Binding  Properties  of  Antibodies 


Description: 

Study  antigen  binding  properties  of  antibodies  as  a  means  of  assessment 
of  protective  efficacy  of  experimental  vaccines  or  therapeutic  antisera 
against  bacterial  and  viral  agents. 


Progress : 


Using  bovine  serum  albumin  (BSA)  as  the  model  antigen  and  rabbit 
anti-BSA  sera,  experiments  are  continuing  on  the  evaluation  of  measurements 
of  antibody  binding  capacity.  The  total  binding  capacity  of  antisera  was 
determined  by  the  Farr  technique,!'  modified  for  the  use  of  micro  amounts 
of  reagents.  A  modification  of  the  method  of  Hunter  and  Greenwood— 
reagents  was  used  to  prepare  131l-labelled  BSA.  This  procedure  was  found 
to  give  85-95%  iodination  efficiency  when  protein  concentrations  exceeded 
10  mg/ml. 


Sequential  bleedings  from  rabbits  hyperimmunized  with  BSA  in  Freund's 
adjuvant  or  with  soluble  or  aim-precipitated  BSA  have  been  further 
studied.  As  reported  earlier!' ,  BSA  with  adjuvant  stimulated  much  higher 
(>  3  times)  and  more  sustained  levels  of  antibody  than  soluble  or  alum- 
pFecipitated  BSA  during  the  30-60  day  period  following  immunization. 
Arbitrarily  chosen  samples  were  compared  in  antigen  binding  and  precipitin 
tests.  Binding  capacity  was  much  greater  than  precipitating  activity  in 
early  bleedings.  As  synthesis  of  precipitating  antibody  approached  a 
maximum  at  21-60  days,  total  binding  and  precipitin  values  were  almost  equa  . 


IgG  and  IgM  fractions  (obtained  by  gel  filtration)  of  these  sera  are 
being  studied  to  determine  if  the  larger  binding  capacity  in  early  bleedings 
reflects  the  presence  of  poorly  precipitating  IgM  antibody  in  the  sera. 

One  year  after  a  primary  series  of  immunization  of  rabbits,  no  antibody 
activity  could  be  detected  in  their  sera.  All  groups  were  then  given  10  mg 
of  soluble  BSA,  and  a  prompt  anamnestic  response  occurred.  Those  animals 
originally  immunized  with  BSA  in  adjuvant  produced  antibody  levels  only 
slightly  higher  than  those  following  the  first  series.  The  animals 
immunized  with  soluble  or  alum-precipitated  BSA  produced  >3  times  the 
amount  measured  following  the  first  series.  After  the  booster,  the  sera  of 
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all  3  groups  contained  about  the  same  amounts  of  antibody.  Binding  and 
precipitin  determinations  of  each  serum  showed  little 

indicting  a  typical  IgG  anamnestic  response.  Four  weeks  after  the  first 
Loiter  dLe,  a  second  dose  of  10  mg  BSA  was  given  to  each  animal,  and 
they  were  then  bled  out  12  days  later. 

The  differences  observed  in  responses  to  a  first  and  second  immunization 
suggest  that,  following  the  first  series,  an  antigen  with  adjuvant  both 
orimes  and  triggers  antibody  synthesis  at  nearly  maximum  levels.  A  year 
llS!  ?he  Jrilfng  is  still  present.  Soluble  or  alum-preclpiteted  antigen 
in  the  first  series  seems  to  be  able  to  prime  effectively,  ut  ac  s 
ability  to  trigger  and  maintain  high  levels  of  antibody  synthesis.  Th 
magnitLe  of  thi  immune  status  of  the  animal  can  only  be  shown  later  by  the 
boLters  which  trigger  the  large  primed  cell  population  ^ 

svnthesis.  Therefore,  in  30-60-day  experiments  in  animals  immunized  with 
s£!e  o;  alum-preci^ltated  antigen,  serological  levels  of  antibody  need 
not  reflect  the  true  immune  response  of  the  animals. 

In  addition  to  measurements  of  the  capacity  of  antibodies  to  bind 
antigen,  certain  properties  of  these  antigen-antibody  combinations,  which 
contribute  to  the  ultimate  fate  of  antigen  in  the  host,  particularly, 
biologically  active  toxins  and  living  microorganisms,  are  of  obvious 
importance  in  determining  the  protective  efficacy 

by  various  vaccine  preparations  and  regimens ,  as  well  as  that  of  therapeutic 
antiserum. 

It  has  been  reported  recentlyin/  that,  when  peptide  fragments  of  the 
temunoglobullns  were  prepared  by  enzyme  hydrolysis  of  f 
antibody  (Ag/Ab)  precipitates,  Ag  in  the  complex  seemed  unaffected  by  t 
Trotete  Lployed!  ThL  observation  is  diametrically  opposed  to  the  usually 
accepSd  viL  that  antibody  eaerts  its  protective  effect  by  aiding  degrada- 
tlon'^of  antigens.  It  was,  therefore,  of  Interest  to  explore  this  question 
further  using  unfractionated  antiserum  and  with  varying  relative  concen 
tSiois  ^f  itigen  and  antibody  to  examine  soluble  complexes  as  well  as 
preformed  precipitates. 

In  these  studies,  varying  amounts  of  131i_iabelled 
constant  volume  of  whole  rabbit  antiserum.  Pronase  was  f^ed,  and  after  a 
suitable  period  of  digestion  the  trichloracetic  acid  soluble  label  was 
counted  as  a  measurement  of  b31x-BSA  digested. 

The  presence  of  BSA  antibody  provided  significant 
enzvme  attack  in  all  cases.  Inhibition  of  enzyme  hydrolysis  of  BSA  varied 
frnm  957  in  different  antisera;  inhibitory  activity  was  rough  y  P’^op 

to  iSbfd;  co«L?,  as  mcLured  by  binding  capacity.  The  phenomenon 
occufrerowr  a  wide  range  of  antigen  concentrations,  from  antibody  excess 
w  mllgerexcess.  Preincubation  of  BSA  in  antisera  was  unnecessary. 
IppSlIfly,  the  initial.  Instantaneous  binding  of  antigen  to  antibody  was 
sufficiently  rapid  to  block  enzyme  action  on  the  antigen. 


Immunoglobulin  class,  tissue  enzymes,  and  nature  of  antigen  may  play 
roles  in  this  observation  and  should  be  explored;  such  studies  are  planned. 

Summary : 

In  early  bleedings  of  groups  of  rabbits  hyperimmunized  with  BSA  in 
different  physical  states,  there  was  more  binding  than  precipitating 
activity.  But  in  later,  and  in  booster  bleedings,  measurements  of  the 
binding  capacity  and  precipitins  were  similar.  Following  a  primary  series 
of  immunization,  BSA  in  Freund's  adjuvant  produced  higher,  more  sustained 
levels  of  antibody  than  soluble  or  alum— precipitated  BSA.  As  evidenced 
by  response  to  boosters  a  year  later,  all  methods  produced  about  the  same 
levels  of  "priming." 

Combination  of  BSA  antibodies  with  "specific"  antigen  in  preformed 
aggregates  or  in  whole  serum  significantly  blocks  the  degradation  of  BSA 
by  pronase. 

Publications : 


None. 
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Pasteurella  pestls ;  (U)  Plague;  (U)  Pneumonic  plague  vaccine;  (U)  Antigens; 

U)  ImBtunization _  _ _ 


|23.  TECHNICAL  OBJECTIVE,*  24.  APPROACH,  25.  PROGRESS  (FumUh  Indlvlduml  parmitmpha  IdantUled  by  numbat.  pracada  taxt  of  aaeh  with  Saeurlty  Clamalllcatlon  Coda.) 

23  (U)  Determine  the  factors  influencing  the  susceptibility  to  plague  infection  and  the 
most  appropriate  method  to  prevent  the  infection. 

24  (U)  Using  standard  methods,  strains  of  Pasteurella  pestis  are  tested  for  their 
physiological  and  virulence  characteristics.  Serological  tests  are  performed  on  wild 
and  laboratory  animals  for  the  detection  of  anti-JP.  pestis  Fraction  I  antibody. 

25  (U)  68  07  -  69  06  -  Antimalarial  chemoprophylactic  drugs  in  concentrations  up  to 
10  times  normal  doses  did  not  protect  mice  from  experimental  plague  Infection.  All 
except  4  strains  of  Pasteurella  pestis  isolated  in  the  Republic  of  Vietnam  and  tested 
were  similar  in  respect  to  physiological  and  virulence  characteristics.  The  4  avirulend 
strains  were  negative  for  the  Pesticln  I,  f ibrinolysln,  coagulase  complex,  A  Fraction  II 
inhibition  test  was  developed  to  differentiate  between  true  antiplague  titers  and 
nonspecific  heterophlle- like  reactions.  Fitzsimons  Army  Hospital  and  Rocky  Mountain 
Arsenal  were  not  involved  in  the  plague  epizootic  encountered  in  the  city  of  Denver, 
Colorado  in  the  summer  of  1968. 
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Project  No.  lB6()27()6A09t):  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No.  lB662706A09b  01:  Vulnerability  of  Man  to  Biological  Agents 

Work  Unit  No.  09b  02  102:  Development  and  Evaluation  of  an  Effective 

Vaccine  Against  Pneumonic  Plague 


Description: 

Determine  the  factors  influencing  the  susceptibility  to  plague 
infection  and  the  most  appropriate  method  to  prevent  the  infection. 

Progress ,  Part  I_: 

A  series  of  experiments  were  conducted  to  determine  the  effect  of 
malaria  chemoprophylaxis  on  the  course  of  experimental  plague  in  mice. 
The  following  drugs  and  drug  combinations  were  administered  by  stomach 
tube  to  groups  of  30  mice  each: 

Chloroquin  (C)  weekly 
Primaquin  (P)  weekly 
Paramethimine  (Para)  weekly 
C  +  P  weekly 

Di-amino  Di-phcnyl  Sulfone  (UDS)  daily 
DDS  daily  and  C  +  P  weekly 
DOS  weekly  and  Para  weekly 

Dosages  for  each  treatment  regime  were  calculated  so  that  groups  of 
animals  received  0.1,  0.3,  1.0,  5.0,  and  10.0  X  the  human  doses  on  a 
weight  basis.  All  animals  were  pretcated  for  2  weeks.  Pen  animals 
from  each  group  were  bled  to  determine  blood  levels  of  therapeutic 
agents.  The  20  remaining  mice  in  each  group  and  20  control  mice  were 
inoculated  subcutaneously  with  200  LDr,o  of  Pasteurella  pcsti£  strain 
195/P.  All  animals  died  during  the  lO-day  test  period. 

The  average  time  to  death  was  4. 5-5.1  days,  except  for  the  10  X  DDS 
groups  where  it  was  7. 9-8. 3  days. 

Summary,  Part  1_: 

Antimalarial  chemoprophylaxic  drugs  in  concentrations  up  to  10  X 
normal  doses  did  not  protect  mice  from  experimental  plague  infection. 
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Progress,  Part  1 1 : 

isolatoTin  net!iar5i"ag'’t^rper'iorUK.3-19(.s  were  charactarUcd 

Smith, 3/  and  Beesley  et  al.i/  Strains  isolated  from  the  following  human 
clinicll  disease  form“w^e  tested:  bubonic,  septicemic,  primary  and 
secondary  pneumonic,  and  asymptomatic  pharyngeal  plague.  . 

strains  obtained  from  domestic,  para-domestic,  sylvatic  animals,  and  their 
nea^were  included.  Geographic  distribution  of  the  isolates  encompassed  the 
entire  country.  The  strains  had  been  isolated  throughout  the  epidemics  so 
that  there  were  representatives  of  the  onset,  peak  and  decline  of  no  less 
than  10  well-defined  outbreaks. 

The  most  striking  observation  was  the  homology  of  the  strains.  No  sig¬ 
nificant  differences  were  detected  between  strains  from  different  geographic 
location,  time  of  isolation  during  an  epidemic,  species 

or  clinical  severity  of  the  case  yielding  the  isolate.  Ihe  following  are  the 
characteristics  of  the  Vietnam  isolates:  acid  without  gas  from  dextrose  an 
maltose*  no  acid  or  gas  from  lactose,  sucrose,  glycerol,  rhamnose,  melibiose, 
nitrate;  ^Luced  to  nitrate;  indole  not  formed;  hydrogen  sulfate  no  produced 
urease  not  produced;  Fraction  I  produced;  calcium-dependent;  pigmented 
heme  and  Congo  Red  agar;  Pesticin  I,  II,  fibrinolysin,  coagulase  positive, 
arvlJulerfor  while  ;ice.  Hour  strains,  0.57%,  worn 
I  fibrinolysin,  and  coagulase  negative.  Ihese  strains  were  isolat 
separate  villages  over  a  period  of  8  months.  All  were  from  bubo  aspirates 
ITth  thl  exception  of  8  strains  previously  reported,  moderately  resistant  to 
streptomycin!  All  strains  were  Sensitive  to  2  yg  of  streptomycin,  chloram- 
phenicol!  tetracycline,  oxytetracycline,  chlortetracycline,  neomycin,  and 
Llimycin.  Sulfa  resistance  was  directly  correlated  with  inoculum  concen¬ 
tration.  When  <  4U0  organisms  were  inoculated,  strains  were  sensitive 
mg  %  sulfa.  When  the  inoculum  contained  >  400  organisms,  the  majority 
strains  were  resistant  to  20  mg  %. 

Summary,  Part  II : 

Ml  ..vrpnt  A  .Strains  of  P.  pestis  isolated  in  the  Repuhlic  of  Vietnam 
and  tilled  Jre  .similar  with  physiological  and  charac- 

teristics.  The  4  avirulent  strains  were  negative  for  the  Pesticin  I, 
fibrinolysin,  coagulase  complex. 

Progress,  Part  III: 

During  serological  studies  of  wild  and  laboratory  animals  for  P.  £££^ 
Fractiol  I  antibodi,  the  necessity  for  an  inhibition  control  became  apparent 
H”frlnMle-like  anybodies  were  found  in  30".  of  the  wild  rodent  sera  tested 
The  inclusion  of  an  inhibition  control  in  which  each  serum  was  dpupd  with 
Julflred  slane  containing  25  ug/ml  of  i  racUon  I 

atlon  between  the  true  antiplague  titers  and  the  nonspecific  heterophile 
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titer.  When  a  series  of  guinea  pis^  iniinunizetl  with  various  vaccines 
including  an  attenuated  plague  vaccine  was  challenged,  all  animals 
demonstrating  antiplague  titers  survived  challenge  with  100  LD^q 
£.*  P^stis  195/r. 

Summary ,  Part  III : 

A  Fraction  1  inhibition  test  was  developed  to  differentiate  between 
true  antiplague  titers  and  nonspecific  heterophile-like  reactions. 

Progress,  Part  IV ; 

During  a  plague  epizootic  in  the  city  of  Denver,  Colorado,  a  survey 
of  the  sylvatic  and  para-domestic  animals  residing  in  Fitzsimons  Army 
Hospital  and  Rocky  Mountain  Arsenal  was  conducted  to  determine  whether 
any  of  these  animals  were  involved.  During  a  3-week  period,  511  animals 
representing  11  species  were  trapped  or  shot.  These  animals  harbored 
1,403  fleas  of  H  species.  Sera  were  obtained  from  254  animals.  All 
animals  were  necropsied  and  tissues  for  culture  and  animal  inoculation 
were  taken.  Tissues  were  pooled  by  species  and  capture  location.  Fleas 
were  pooled  by  species,  host  species,  and  capture  location.  All  tissue 
and  flea  pools  were  cultured  and  inoculated  into  susceptible  laboratory 
rodents.  Sera  were  tested  for  tl;c  presence  of  P^.  pestis  Fraction  I 
antibody.  All  tests  were  negative  indicating  that  at  the  time  of  survey, 
both  Fitzsimons  Army  Hospital  and  Rocky  Mountain  Arsenal  were  free  of 
plague  and  had  been  free  for  a  period  of  at  least  1  yr  prior  to  the 
recognized  beginning  of  the  Denver  epizootic. 

Summary,  Fart  IV; 

Fitzsimons  Army  Hospital  and  Rocky  Mountain  Arsenal  were  not  involved 
in  the  plague  epizootic  encountered  in  the  city  of  Denver,  Colorado  in 
the  summer  of  1968. 

Installation  of  aerosol  exposure  equipment  has  been  completed. 
Presentations; 

1.  Marshall,  d.D.,  Jr.,  Immunofluorescence  studies  in  fungal  infections. 
Presented  at  the  Veterans  Administration  Hospital  Reference  Laborator> , 
Washington,  D.C.,  2  May  1968. 

2.  Marshall,  J.D.,  Jr.,  Plague.  Presented  at  the  Armed  Forces 
Institute  of  Pathology,  Postgraduate  Course  on  Special  I nvironmental 
Pathology-Southeast  Asia,  Washington,  D.C.,  22  *'Iay  1968. 

3.  Marshall,  J.D.,  Jr.,  Plague.  Presented  at  the  Global  Medicine 
Course,  Walter  Reed  Army  Institute  of  Research,  5  July  1968,  26  February 
1969,  and  8  July  1969. 
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4.  Marshall,  J.D.,  Jr.,  Honald  11.  Hunter,  Llewellyn  J.  Letters,  Nlui- 
Tran-Quy,  and  D.C.  Cavanaugh,  Survey  of  respiratory  infection  among  persons 
exposed  to  Pasteurella  pestis:  The  gradation  of  clinical  symptoms.  Presen¬ 
ted  at  the  Eighth'  Int'ernationa  1  Congress  on  Tropical  Medicine  and  Malaria, 
Teheran,  Iran,  7-15  September  1908. 

5.  Marshall,  J.L).,  Jr.,  Plague  and  tularemia.  Presented  at  the  Depart 
ment  of  Microbiology  Guest  Lecturers  Program,  Howard  University,  Washington, 
U.C.,  24  March  1969. 

Publications : 

1.  Cavanaugh,  D.C.,  H.G.  Dangerf ield ,  D.H.  Hunter,  R.J.T.  Joy,  J.D. 
Marshall,  Jr.,  D.V.  Quy,  S.  Vivona,  and  P.  Winters.  1968.  Some  observations 
on  the  current  plague  outbreak  in  the  Republic  of  Vietnam,  ■'Vmcr.  J.  Pub. 
Health  58:742-749. 

2.  Cavanaugh,  D.C.,  Donald  1!.  Hunter,  Nguyen  Van-ha,  Tran  Cong-Dung, 
Paul  F.  Ryan,  and  J.D.  Marshall,  Jr.  1968.  Ecology  of  plague  in  Vietnam 
HI.  Sylvatic  plague;  handicota  indica,  a  transitional  species,  Trans.  Roy. 
Soc.  'Prop.  Med.  Ilyg.  62:456. 

3.  Marshall,  J.D.,  Jr.,  Donald  H.  Hunter,  Llewellyn  J.  Legters,  Nhu- 
Tran-Quy,  and  D.C.  Cavanaugh.  1968.  Survey  of  respiratory  infection  among 
persons  exposed  to  Pasteurella  pestis:  The  gradation  of  clinical  symptoms. 
Abstracts  and  Peviews,  Eighth  International  Congresses  on  Tropical  Medicine 
and  Malaria,  7-15  Septemlier,  Teheran,  Iran,  p.  542-543. 
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BODY  OF  REPORT 


Project  No.  1B662706A096:  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No.  1B662706A096  02:  Prevention  and  Treatment  of  Biological  Warfare 

Casualties 

Work  Unit  No.  096  02  300;  Immunologic  Studies  With  The  Spotted  Fever  Group 

of  Rickettsiae 


Description: 

Develop  a  method  for  immunoprophylaxis  against  the  spotted  fever  group 
of  organisms . 

Progress : 

Seed  Materials.  Studies  dealing  with  the  method  of  production  and 
effect  of  storage  have  continued.  Several  preparations  of  both  crude  and 
washed  suspensions  were  prepared  from  infected  yolk  sacs. 

The  crude  207o  preparations  were  prepared  by  adding  4-ml  volumes  of 
Snyder  li'  diluent  (SPG)  per  gram  of  drained  stripped  yolk  sacs  and 
emulsifying  this  mixture  in  a  blendor .  After  centrifugation  at  150  X  g 
for  10  min  the  midzone  between  sediment  and  fat  was  collected^  dispensed 
in  small  samples^  and  stored  at  -60  C. 

Washed  suspensions  were  prepared  by  differential  centrifugation  of 
crude  suspensions.  Sediments  from  >  6^000  g  centrifugation  were  resuspended 
in  SPG  and  centrifuged  at  150  X  g  to  remove  cellular  debris.  Alternate 
high  and  low  speed  centrifugation  was  repeated  for  3  cycles.  The  final 
low  speed  supernatant  was  collected^  dispensed^  and  stored  in  the  freezer. 

A  few  days  after  storage,  samples  were  titrated  in  embryonated  eggs 
and  thereafter  were  used  in  egg,  guinea  pig  and  tissue  culture  studies  . 

It  was  anticipated  that  the  washed  rickettsiae  would  cause  more  uniform 
infections  than  the  crude  preparations.  However,  comparative  titrations 
of  crude  and  washed  Rickettsia  rickettsi  and  R .  australis  in  guinea  pigs 
or  eggs  failed  to  establish  significant  differences  in  infectivity  patterns. 

After  a  period  of  6  months  one  of  the  freezers  utilized  for  storage 
of  the  materials  failed.  Re-titration  of  preparations  in  this  freezer 
revealed  a  considerable  loss  of  titer .  Work  is  in  progress  to  re-establish 
stocks  of  high  titered  seeds. 

Tissue  Culture.  Passage  studies  .  Representative  strains  of  the 
subgroups  have  been  propagated  in  tissue  culture.  Each  was  passaged  in 
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MK2>  Vero  and  chick  embryo  cell  cultures.  With  each  of  the  cell  lines 
employed,  a  cytopathic  effect  (CPE)  was  obtained. 

Comparison  of  a  single  strain  in  several  cell  lines  revealed  different 
patterns  of  CPE,  although  changes  occurred  at  about  the  same  time.  This 
variation  in  CPE  is  probably  due  to  inherent  structural  differences  of 
the  cell  monolayers .  Stained  smears  of  passage  material  did  not  show 
significant  differences  of  rickettsial  yields  with  the  cell  lines  employed. 

Conversely  when  several  strains  were  propagated  in  cultures  of  one  cell 
type,  differences  in  time  of  CPE  and  yield  were  noted  when  comparable 
quantities  of  inocula  were  employed. 

The  onset  of  CPE  was  first  evident  with  the  appearance  of  small  patches 
of  necrotic  cells.  This  was  followed  by  a  spreading  infection  until  the 
entire  monolayer  was  affected.  Most  of  the  infected  cells  remained  attached 
to  the  walls  of  the  culture  flask.  Serial  passages  were  made  by  disrupting 
the  infected  cultures  with  sterile  glass  beads.  The  resulting  crude 
material  which  contained  supernatant  medium,  rickettsiae  and  cell  debris 
was  used  for  the  next  passage . 

Table  I  summarizes  tissue  culture  passages  made  with  various  members 
of  the  group. 


TABLE  I .  PASSAGE  OF  VARIOUS  MEMBERS  OF  THE  SPOTTED  FEVER  GROUP  IN 
TISSUE  CULTURES 


NUMBER  SERIAL  CELL 

PASSAGES 

RICKETTSIA  (strain) 

MK2 

CE 

VERO 

R.  conori  (boutonneuse) 

15 

5 

3 

R.  siberica 

7 

5 

3 

R.  australis 

10 

5 

1 

R.  rickettsi  (S.  Smith) 

11 

5 

3 

R.  rickettsi  (iitterroot) 

3 

3 

1 

R.  akari 

2 

ND 

1 

These  studies  established  that  representative  strains  could  be  grown  in 
a  variety  of  cell  types.  However,  erratic  results  were  frequently  encountered. 
Day  of  onset  of  CPE  was  variable,  and  passage  failures  occurred. 

Studies  have  been  initiated  to  determine  possible  causes  for  the  variable 
results  in  an  attempt  to  establish  whether  each  strain  requires  a  particular 
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set  of  conditions  for  propagation. 

Storage.  Passage  studies  revealed  a  significant  loss  of  viability 
when  material  was  stored  in  the  freezer .  A  study  was  made  to  select  a 
stabilizing  storage  medium  for  a  tissue  culture  harvest  of  R.  siberica. 

The  culture  was  sedimented  and  resuspended  by  aspiration  through  a 
25  gauge  needle  in  a  50%  volume  of  medium  199.  Dilutions  (1:10)  of  this 
suspension  were  made  in:  1)  medium  199;  2)  medium  199  +  0.5%  human  serum 
albumin  (HSA);  3)  SPG;  and  4)  SPG  +0.5%  HSA .  Each  1:10  dilution  was 
divided  in  4  samples  and  stored  at  -60  C.  Titrations  were  performed  at 
intervals  in  embryonated  eggs  and  tissue  cultures .  Table  II  gives  results 
of  the  egg  titrations.  Values  for  median  egg  lethal  doses  (ELD50)  varied 
from  one  storage  period  to  the  next.  However^  in  all  3  series^  cultures 
in  SPG  medium  had  a  higher  titer  than  those  stored  in  medium  199. 

Addition  of  HSA  did  not  result  in  higher  titers  in  either  medium. 
Titrations  were  also  accomplished  in  cell  cultures^  but  were  inconclusive 
because  of  deterioration  of  the  monolayers  at  endpoint  dilutions  prior  to 
CPE  .  Daily  microscopic  readings  showed  more  rapid  CPE  when  cells  had  been 
inoculated  with  low  dilutions  of  rickettsiae  stored  in  HSA,  whether 
medium  199  or  SPG  was  used.  Thus  apparent  contradiction  with  ELD50 
results  may  be  due,  not  to  stability  on  storage,  but  to  enhancement  of 
cell  penetration  by  HSA.  Cohn,  et  a]^/ reported  that  the  penetration 
index  of  suspended  tissue  culture  cells  was  increased  when  the  organisms 
were  suspended  in  bovine  serum  albumin.  Studies  will  be  made  to  determine 
effect  of  HSA  on  monolayer  yields . 


TABLE  II. 

TITERS  OF  R.  SIBERICA  AFTER 

STORAGE  AT  60  C . 

STORAGE 

MEDIUM 

ELD  50 

73  days 

86  days 

100  days 

199 

2.5 

2.6 

3.0 

199 -HSA 

2.9 

2.5 

3.0 

SPG 

3.0 

4.5 

4.5 

SPG -HSA 

3.5 

4.3 

4.5 

Glutamine.  Reports  of  Cohn  all/  that  the  presence  of  glutamine 
increased  the  penetration  index  of  R.  tsutsugamushi  led  to  experiments  to 
determine  if  glutamine  would  increase  yields  of  R.  conori  when  added  to 
chick  embryo  monolayers  just  prior  to  the  adsorption  period.  Three 
attempts  failed  to  demonstrate  growth  differences  between  glutamine-treated 
or  untreated  cultures.  Onset  and  intensity  of  CPE  were  the  same  for  both 
cultures  in  every  case.  Sub-cultures  of  2-  3-  and  5-day  harvests  of 
glutamine-treated  cells  produced  CPE  at  the  same  rate  as  untreated  control 
cultures.  Penetration  studies  were  not  done.  It  was  concluded  that 
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addition  of  glutamine  to  the  cultures  during  the  penetration  period  did  not 
enhance  the  growth  of  R.  Conor i . 

Assay  systems .  A  variety  of  methods  has  been  employed  to  achieve  a 
dependl^  assay  system  in  tissue  culture.  CPE  titrations  and  plaque 
titrations  can  be  employed.  However,  both  are  dependent  on  healthy 
long-lived  cells,  since  CPE  and  plaquing  occur  much  later  in  endpoint 
dilutions  than  in  low  dilutions.  Once  the  monolayer  is  infected,  itj^s 
necessary  to  maintain  the  cells  in  a  healthy  condition  while  minimizing 
cell  multiplication. 

In  attempts  to  develop  a  reproducible  plaque  system  with  R.  conori^ 

7  of  12  experiments  failed  because,  the  agarose-overlayed  cells  did  not 
survive  the  6-day  time  period  established  for  plaque  assays. 

When  titrations  for  CPE  were  done  with  liquid  media,  problems  of 
overgrowth  were  encountered . 

A  titration  series  of  R.  conori  was  made  in  quadruplicate  in^ chick 
embryo  cells.  Two  of  the  sets  were  fed  daily  with  medium  199  +  5%  calf 
serum  and  2  received  medium  199  only.  Monolayers  given  medium  199  only 
could  be  observed  for  CPE  through  day  14,  while  those  which  received  the 
enriched  medium  sloughed  c/ff  the  flasks'  walls  by  day  6.  Although  CPE 
was  present  in  the  lowest  dilution  (IQ-l)  by  day  3,  it  became  visible 
at  the  endpoint  dilution  (10"^)  on  day  11. 

The  problem  of  maintaining  the  proper  metabolic  balance  is  complex, 
since  many  interdependent  factors  are  involved,  such  as  cell  type  and 
method  of  preparation,  nutritional  requirements,  and  temperature  o 
incubation.  Although  these  problems  have  plagued  attempts  to  establis 
reliable  assay  systems,  they  have  not  been  a  major  concern  in  production 
of  rickettsial  antigens  in  tissue  culture. 


Antigens.  The  boutonneuse  fever  strain  of  R.  conori  (BF)  has  been 
used  as  a  model  in  production  of  experimental  tissue  culture  antigens . 

This  strain  was  selected  because  previous  observations  have  indicated 
relatively  rapid  and  prolific  growth  from  high  titer  inocula  in  chick 
yolk  sac  and  a  variety  of  tissue  culture  cells.  The  primary  chick  embryo 
monolayer  was  selected  because  it  will  support  rickettsial  growth  and  is 
considered  less  apt  to  be  oncogenic  than  established  cell  lines.  Either 
roller  bottle  or  stationary  cultures  have  produced  satisfactory  results. 

It  has  been  possible  to  prepare  rickettsial  suspensions  of  relative  purity 
in  these  systems  with  a  minimal  amount  of  processing. 


Stained  smears  studied  under  oil  immersion  reveal  numerous  intact 
rickettsiae  with  very  little  cell  debris.  These  smears  compare  very 
favorably  with  those  from  processed  yolk  sac  preparations,  which  are 
usually  sparse  in  organisms  and  rich  in  debris  after  elaborate  production 
and  purification  procedures.  Assays  for  antigenicity  and  immunogenicity 
have  been  delayed  until  the  laboratory  moves  to  new  quarters. 


Summary: 


All  members  of  the  spotted  fever  group  of  rickettsia  have  been  propa 
gated  in  MK2,  Vero  and  chick  embryo  cells.  Trial  antigens  have  been 
prepared  from  tissue  cultures. 

Publications: 


None . 
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23,  (U)  Evaluate  routes  of  and  dosages  for  immunization  of  susceptible  hosts  with  arbo¬ 
virus  vaccines, 

24,  (U)  Laboratory  animals  will  be  immunized  by  varying  routes  and  dosages  and  chal¬ 
lenged  at  appropriate  times  subsequently, 

25,  (U)  68  07  -  69  06  -  The  protective  effect;  of  various  vaccine  combinations:  TC-83 
strain  Venezuelan  equine  encephalitis  (VEE),  Clone  15  strain  Western  equine  encephalitis 
(AWEE) ,  small  plaque  mutant  (SPM)  of  Eastern  equine  encephalitis  (EEE)  and  inactivated 
EEE  (IEEE)  was  examinated  in  guinea  pigs,  TC-83  VEE  and  AWEE  strains  gave  complete 
homologous  protection,  but  the  IEEE  vaccine  gave  only  partial  homologus  protection  and 
the  SPH-EEE  only  negligible  protection,  IEEE  and  TC-83  VEE  gave  a  low-level,  reciprocal 
cross-protection,  TC-83,  combined  with  either  of  the  EEE  vaccines,  greatly  enhanced  the 
protection  afforded  against  EEE,  Similar  enhancement  was  seen  against  EEE  when  AWEE  was 
added  to  either  IEEE  or  TC-83,  The  administration  of  a  single  dose  of  trivalent  or 
tetravalent  vaccine  which  Included  TC-83,  AWEE  and  IEEE  afforded  excellent  protection 
against  all  3  virulent  virus  challenges  without  evidence  of  interference. 
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Project  No.  1B662706A096:  Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Task  No.  1B662706A096  02:  Prevention  and  Treatment  of  Biological  Warfare 

Casualties 

Work  Unit  No.  096  02  402:  Comparative  Studies  of  Various  Routes  of  Immuniza¬ 
tion  with  Arbovirus  Vaccines 


Description: 

Evaluate  routes  of  dosages  for  immunization  of  susceptible  hosts  with 
arbovirus  vaccines. 

Progress: 

Emphasis  during  this  period  was  on  determination  of  the  effectiveness  of 
combining  previously  studied  arbovirus  vaccines^  administering  combinations 
parenterally  to  guinea  pigs  and  looking  for  interference  and  protection  a- 
gainst  homologous  and  heterologous  challenge.  Maurer  ^  used  a  tri- 

valent  vaccine  successfully  in  guinea  pigs  in  1952  consisting  of  the  3  killed 
vaccines  against  Venezuelan,  Eastern,  and  Western  equine  encephalitis  (VEE, 
EEE,  WEE),  but  no  information  has  been  reported  incorporating  attenuated  vac¬ 
cines  . 

A  0.5  ml  inoculum  containing  5,000  intraperitoneal  (IP)  median  immunizing 
doses  (IDcq)  of  attenuated  VEE  (strain  TC-83)  and  Clone- 15  WEE  (AWEE)  and  <1 
guinea  pig  (GP)  of  inactivated  Eastern  equine  encephalitis  (IEEE)  and/ 

or  small  plaque  mutant  EEE  (SPM-EEE)  were  used  in  all  combinations  of  di-, 
tri-  and  tetravalent  vaccines.  One  thousand  LD^q  of  Trinidad  strain  VEE  by 
IP  inoculation  and  B-11  strain  WEE  and  Texas  strain  EEE  by  intracerebral  (IC) 
inoculation  were  used  21  or  27  days  postvaccination  to  test  the  in  vivo  pro¬ 
tection  afforded  the  guinea  pigs  by  the  various  vaccines  administered.  All 
controls  at  each  challenge  level  died,  and  where  differences  due  to  challenge 
time  occurred  in  vaccinated  animals,  it  is  shown  in  Table  I. 

The  effectiveness  of  various  mono-  and  divalent  combinations  against 
challenge  with  VEE  and  WEE  is  shown  in  Table  I.  The  vaccines  were  adminis¬ 
tered  by  both  the  subcutaneous  (SC)  and  IP  routes,  but  since  little  differ¬ 
ence  was  noted  in  protection,  results  of  both  routes  have  been  combined. 

Virtually  complete  homologous  protection  exists  whenever  VEE  or  WEE  vac¬ 
cine  is  present  (the  96%  protection  obtained  when  WEE  and  SPM-EEE  are  com¬ 
bined  represents  only  1  animal  in  a  group  of  24) .  IEEE  alone  or  combined 
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with  WEE  afforded  some  protection  against  VEE  challenge,  whereas  SPM-EEE  gave 
protection  only  against  VEE  combined  with  WEE.  IEEE  combined  with  VEE  re¬ 
sulted  in  177o  protection  against  WEE  challenge  (Colei.'  obtained  40%  protec¬ 
tion  with  this  combination  in  hamsters,  but  with  a  more  potent  IEEE  vaccine 
than  the  one  used  in  these  studies). 

TABLE  I.  SURVIVAL  OF  GUINEA  PIGS  AFTER  CHALLENGE  WITH  10^  LD5Q  VEE  OR  WEE 
VIRUS. 


VACCINE 

7o  SURVIVAL 
VEE 

AFTER  CHALLENGE  WITH 
WEE 

None 

0 

0 

IEEE 

10 

0 

SPM-EEE 

0 

0 

AWEE 

ND 

100 

IEEE  +  AWEE 

11 

100 

SPM-EEE  +  AWEE 

17 

96 

TC-83  VEE 

100 

0 

IEEE  +  TC-83  VEE 

100 

17 

SPM-EEE  +  TC-83  VEE 

ND 

4 

AWEE  +  TC-83  VEE 

100 

100 

The  effectiveness  of  these  same  combinations  of  vaccines  against  chal¬ 
lenge  with  virulent  EEE  21  and  27  days  postvaccination  is  shown- in  Table  II. 
No  significant  difference  is  seen  between  SC  and  IP  routes  (shown  in  paren¬ 
theses)  of  vaccine  administration. 

The  SPM-EEE  vaccine  produces  no  better  protection  against  EEE  challenge 
than  does  the  TC-83  vaccine;  however,  the  IEEE  vaccine  produces  significantly 
greater  protection  against  EEE  challenge  than  does  any  other  monovalent  vac¬ 
cine.  That  attenuated  VEE  does  give  cross-protection  against  EEE  has  been 
noted  by  Allen,!'  Hearn,!/  and  Cole.!/  Significantly  greater  protective  ef¬ 
fect  was  seen  with  IEEE  when  protection  was  measured  27  days  postvaccination, 
rather  than  at  21  days.  Because  of  this  lesser  protection  seen  at  21-day  vs. 
27-day  challenge  with  IEEE  alone,  an  increased  protection  could  be  seen  when 
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combinations  of  IEEE  and  SPM-EEE,  WEE  or  VEE  were  used  and  challenge  was 
given  on  day  21;  however,  this  difference  was  not  seen  with  any  other  combi 

nation. 

TABLE  II.  SURVIVAL  OF  GUINEA  PIGS  AFTER  IC  CHALLENGE  WITH  10^  LD5Q  TEXAS 
STRAIN  EEE  VIRUS. 


%  SURVIVORS _ 

VACCINE _ _ _ 21  Day  Challenge  27  Day  Challenge 


IEEE 

38 

(35,  40)-/ 

67 

(65,  71) 

SPM-EEE 

5 

(0,  9) 

7 

(7,  8) 

AWEE 

1 

(1,  0) 

4 

(8,  0) 

IEEE  +  AWEE 

67 

(63,  69) 

71 

(67,  78) 

SPM-EEE  +  AWEE 

8 

(ND,  8) 

0 

(ND,  0) 

TC-83  VEE 

19 

(17,  20) 

21 

(17,  25) 

IEEE  +  TC-83  VEE 

77 

(83,  75) 

89 

(100,  83) 

SPM-EEE  +  TC-83  VEE 

46 

(50,  42) 

67 

(50,  83) 

AWEE  +  TC-83  VEE 

43 

(41,  46) 

23 

(29,  17) 

IEEE  +  SPM-EEE 

75 

(ND,  75) 

83 

(ND,  83) 

a.  (SC,  IP) 

Attenuated  VEE  and  attenuated  WEE  have  an  adjuvant  or  synergistic  effect 
on  EEE  protection  when  added  to  IEEE  vaccine,  or  when  added  to  each  other. 

In  fact,  VEE  combined  with  IEEE  affords  as  good  protection  as  the  combination 
of  the  2  EEE  vaccines.  TC-83  VEE  also  showed  an  adjuvant  effect  when  com¬ 
bined  with  SPM-EEE  on  both  the  21-day  and  27 -day  challenge,  but  WEE  did  not 
show  this  effect. 

Dr.  Cole  Virology  Division,  USAMRIID,  states  that  there  is  good  pro¬ 
tection  in  hosiers  with  both  SPM-EEE  and  his  IEEE  vaccine,  which  is  more 
potent  than  the  inactivated  EEE  vaccine  used  in  these  studies  (obtained  from 
Walter  Reed  Army  Institute  of  Research);  he  did  not  observe  any  adjuvant  ef¬ 
fect  of  TC-83  VEE  vaccine.  However,  he  noticed  an  adjuvant  effect  of  attenu¬ 
ated  VEE  when  added  to  a  poorer  IEEE  vaccine  in  terms  of  resistance  to  EEE 
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challenge.  It  may  be  that  the  effect  is  masked  when  a  vaccine-host  system  is 
used,  where  good  protection  is  afforded  by  the  EEE  vaccine  alone. 

Protection  data  afforded  by  trivalent  combinations  is  presented  in  Table 
III.  Trivalent  vaccine  with  the  Walter  Reed  IEEE  or  SPM-EEE  gives  good  pro¬ 
tection  against  all  3  viruses  when  measured  at  27  days  postvaccination,  es¬ 
pecially  when  IEEE  is  used.  When  a  single  dose  of  trivalent  vaccine  with 
this  inactivated  vaccine  is  used,  followed  by  a  booster  of  IEEE  at  28  days, 
good  protection  is  achieved,  but  no  better  than  that  seen  without  a  booster 
inoculum.  However,  when  trivalent  vaccine  with  SPM-EEE  is  used,  followed  by 
a  28-day  booster  of  SPM-EEE,  solid  protection  is  achieved  by  day  21  postvac¬ 
cination.  Two  doses  of  SPM-EEE  alone  given  28  days  apart  results  in  only  67% 
survival  of  an  EEE  challenge  at  day  27,  so  the  addition  of  the  VEE  and  WEE 
vaccines  greatly  enhances  protection  against  EEE.  No  interference  is  seen 
with  the  trivalent  combinations.  Dr.  Cole  found  a  reduction  in  protection 
against  WEE  with  a  trivalent  attenuated  vaccine  in  hamsters,  but  this  is  not 
observed  in  our  series. 

TABLE  III.  RESPONSE  OF  GUINEA  PIGS  GIVEN  TRI-  AND  TETRAVALENT  VACCINES  TO 
CHALLENGE  WITH  10^  LD^q  VEE,  WEE  AND  EEE  VIRUSES. 


7„  PROTECTION  AFTER  CHALLENGE 

WITH 

VEE 

WEE 

EEE 

VACCINE 

21  Days  27  Days 

IWEE  +  AWEE  +  TC-83  VEE 

100 

96 

75 

95 

SPM-EEE  +  AWEE  +  TC-83  VEE 

96 

96 

71 

83 

IEEE  +  AWEE  +  TC-83  VEE  +  28-day 

IEEE  booster 

ND 

ND 

ND 

91£/ 

SPM-EEE  +  AWEE  +  TC-83  VEE  +  28- day 
SPM-EEE  booster 

ND 

ND 

100 

ND 

IEEE  +  SPM-EEE  +  AWEE  +  TC-83  VEE 

100 

100 

92 

ND 

a.  With  8%  fatal  anaphylaxis 

Also  shown  in  Table  III  is  the  effect  of  a  tetravalent  vaccine  (TC-83 
VEE,  AWEE,  IEEE  and  SPM-EEE).  A  single  dose  administered  by  the  IP  route  re¬ 
sults  in  good  protection  at  day  21  against  challenge  with  EEE. 

In  man,  2  or  3  doses  of  IEEE  are  required  to  produce  a  good  log  neutrali¬ 
zation  indk.  These  results  suggest  that  the  same  index  might  be  attained 


after  a  single  dose,  if  attenuated  VEE  vaccine  were  added  to  the  IEEE.  The 
data  further  suggest  that  it  may  be  advantageous  to  give  VEE,  WEE  and  EEE 
vaccines  simultaneously.  In  addition  to  reducing  the  number  of  inoculations 
and  the  immunization  time  now  required,  earlier  and  as-good-or-better  pro¬ 
tection  might  result  against  all  3  viruses. 

Summary ; 

Data  are  presented  showing  the  effectiveness  of  various  di-,  tri-  and 
tetravalent  arbovirus  vaccines  administered  parenterally  to  guinea  pigs.  At¬ 
tenuated  VEE  vaccine  added  to  either  of  the  inactivated  or  attenuated  EEE 
vaccines  used  increases  protection  against  EEE  challenge.  A  single  dose  of 
trivalent  or  tetravalent  vaccine,  consisting  of  TC-83  VEE,  attenuated  WEE 
and  IEEE  and/or  attenuated  EEE  virus,  results  in  good  protection  against 
challenge  with  all  3  virulent  counterparts  without  evidence  of  interference. 
In  addition,  earlier  and  better  protection  against  EEE  challenge  occurs  over 
that  seen  when  these  low- titered  EEE  vaccines  are  used  alone. 
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23.  (U)  Evaluate  experimental  attenuated  and  inactivated  group  A  arbovirus  vaccines  for 
their  ability  to  induce  protection  against  other  members  of  the  group. 

24.  (U)  Adult  hamsters  are  inoculated  with  group  A  arbovirus  vaccines  in  appropriate 
combinations  and  sequences.  Response  is  determined  by  challenge  with  virulent  strains 
and  by  serological  techniques. 

25.  (U)  68  07  -  69  06  -  Immunization  of  hamsters  with  formalin- inactivated  VEE  vaccine 
(125  or  2000  median  immunizing  doses)  failed  to  provide  any  protection  against  challeng< 
with  virulent  EEE  and  WEE  viruses,  although  homologous  protection  was  absolute.  This 
supports  the  view  that  the  cross-protection  seen  in  hamsters  Immunized  with  attenuated 
VEE  is  due  only  in  small  part  to  antigens  common  to  the  3  viruses. 

Studies  in  hamsters  with  attenuated  strains  of  VEE,  EEE  and  WEE  viruser.  showed  thac 
(1)  administered  singly  they  provide  excellent  homologous  protection;  (2)  sequence  of 
administration  had  a  marked  effect  only  on  the  degree  of  VEE  resistance  in  animals  givei 
EEE  and  WEE  virus  strains  viz.,  WEE  followed  by  EEE  Induced  only  23%  protection,  whereas 
the  reverse  sequence  protected  68%  of  the  hamsters;  (3)  homologous  protection  by  WEE 
virus  is  depressed  when  the  virus  is  administered  simultaneously  with  VEE  and/or  EEE 
virus;  (4)  simultaneous  administration  of  VEE  and  EEE  depresses  homologous  protection 
by  EEE;  (5)  all  3  attenuated  viruses  produced  some  deaths,  alone  or  in  combination 
e.g.  administered  singly  VEE  killed  10-20%  of  the  hamsters;  WEE,  3-5%;  and  EEE,  15-30%; 
the  WEE-EEE  mixture  killed  30-35%,  while  all  other  combinations  had  an  average  death 
rate  of  9.7%. 
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vaccines  for  their  ability  to  induce  protection  against  other  members  of 

the  group . 


Progress : 

Previous  studies employing  young  adult  Golden  Syrian  hamsters 
have  provided  data  to  support  the  following  generalizations:  (1)  attenuated 

Venezuelan  equine  encephalitis  (VEE)  vaccine  rapidly  induces  a  state  of 
protection  against  challenge  with  VEE,  eastern  and  western  equine  encepha¬ 
litis  (EEE  WEE)  viruses  which  is  virtually  complete  throughout  the  period 
of  vaccine" viremia;  (2)  protection  against  EEE  and  WEE  viruses  persists 
after  vaccine  viremia  abates,  with  59  and  37%  protection,  respectively, 
occurring  as  late  as  day  60  postvaccination  (the  longest  period  evaluated), 
(3)  attenuated  VEE  vaccine  does  not  increase  heterologous  protection  when 
administered  with  inactivated  EEE  and/or  WEE  vaccines,  regardless  of 
sequence  of  administration;  and  (4)  attenuated  VEE  vaccine  has  no  effect  on 
homologous  or  heterotypic  protection  when  administered  with  inactivated 
EEE  or  WEE  vaccines  of  high  potency;  however,  some  enhancement  of  homologous 
protection  does  occur  with  low  potency  vaccines. 

During  the  year  studies  included  evaluation  of  cross-protection  induced 
by  inactivated  VEE,  and  attenuated  strains  of  EEE  and  WEE  viruses. 

Protection  Induced  bv  i^nrmal  1  n-Tnactivated  VEE  Vaccine.  Little  is 
known  about  the  mechanism  of  the  well -documented  cross-protection  induced 
by  attenuated  VEE  vaccine.  An  earlier  reporti./  stated  that  a  potent 
inactivated  VEE  vaccine  failed  to  induce  cross-protection  when  g^ven  in 
a  single,  0.5  ml  injection  (2:125  hamster  immunizing  doses).  It  has  been 
postulated  that  the  cross-protection  seen  in  hamsters  administered  live 
VEE  vaccine  may  be  due  only  in  part  to  antigens  common  to  EEE,  WEE  and 
VEE  viruses.  Quite  apparent  are  the  possibilities  that  total  antigenic 
mass  (presumably  lower  in  inactivated  vaccines),  exposure  of  the  hos 
to  minor  antigens  (through  vaccine  virus  replication  in  the  host),  latent 
infection  of  target  cells  with  the  vaccine  virus, if/  or  other  factors  may 
be  involved  in  the  VEE-WEE-EEE  cross-protection  phenomenon. 
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To  determine  the  effect  of  antigenic  mass,  hamsters  were  inoculated 
intr aper i t oneal ly  (IP)  with  two  2.5  ml-doses  of  undiluted,  inac t ivated 
VEE  vaccine  (''2000  hamster  inmunizing  doses)  with  a  7-day  interval  between 
doses  .  Twenty-one  days  after  the  2nd  dose  the  animals  were  challenged  IP 
with  ~10^  median  lethal  doses  (LD50)  of  either  Cambridge  strain  EEE  virus, 
California  strain  WEE  virus,  or  Trinidad  strain  VEE  virus;  these  strains, 
dose  and  route  of  inoculation  were  employed  for  all  studies  reported  herein. 

As  with  the  0.5  ml  dose,  the  two  2.5  ml  doses  of  inactivated  VEE 
vaccine  failed  to  elicit  cross -protection .  Only  TU  (2/100)  of  the  hamsters 
survived  EEE  challenge  and  only  17=,  (1/100)  survived  WEE  challenge; 
homologous  protection  was  absolute  with  1007o  (20/20)  surviving  VEE  challenge. 
Although  the  antigenic  mass  administered  undoubtedly  was  much  less  than 
that  which  results  from  infection  with  the  attenuated  VEE  vaccine,  it  is 
significant  that  the  ~16-fold  increase  in  the  quantity  of  inactivated 
antigen  failed  to  elicit  even  a  slight  degree  of  cross-protection.  Further 
studies  will  be  conducted  on  the  nature  of  the  VEE -vaccine-induced  cross¬ 
protection  when  time  and  space  permit . 

Studies  with  Attenuated  Strains  of  EEE  and  WEE  Viruses.  Although 
potent  inactivated  EEE  and  WEE  vaccines  are  currently  available  for  use 
in  man,  all  studies  with  these  products  in  animals  and  man  have  been  short 
term:  '^2.  months  in  the  case  of  animals  and  year  with  man.  It  is  not 

possible,  therefore,  to  predict  with  certainty  the  persistence  of  neutralizing 
antibody  (or  protection)  induced  by  the  inactivated  vaccines.  In  contrast, 
experience  with  live  vaccines  indicate  that  these  may  be  expected  to 
produce  long-lasting  immunity.  Still  other  advantages  of  live  vaccines 
are  their  ability  to  induce  rapid  protection,  and  generally,  a  requirement 
for  only  one  dose.  Moreover,  numerous  investigators2j..r'  have  demonstrated 
that  exposure  of  animals  to  2  or  more  group  A  viruses  can  result  in  a 
broadened  immunological  response;  significantly,  the  cross -protection 
observed  by  these  workers  has  generally  been  induced  by  live  virus  infections 
rather  than  by  administration  of  inactivated  virus  preparations .  Since 
we  have  seen  no  significant  cross -protection  in  hamsters  inoculated  with 
various  combinations  of  inactivated  VEE,  EEE  or  WEE  vaccines,  studies 
were  initiated  with  attenuated  strains  of  EEE  and  WEE  viruses . 

A  small  plaque  mutant  (SPM)  of  EEE  virus,  strain  Arth  167  was 
obtained  from  Dr.  P.  H.  Coleman,  Communicable  Disease  Center,  Atlanta, 

Georgia,  as  13th  passage  duck  embryo  tissue  culture  (DETC)  fluid.  An 
additional  passage  was  made  in  DETC  in  our  laboratory .  This  material 
titers  ~  10°'^  LD5Q/ml  in  suckling  mice  but  is  avirulent  for  the  hamster. 

Clone  15,  B628  strain  WEE  virus!/  was  obtained  from  Lederle  Laboratories 
as  2nd  passage  chick  embryo  cell  (CEC)  culture  fluid.  A  further  CEC 
culture  passage  was  made  in  this  laboratory;  this  material  titers 
median  immunizing  doses  (ID^Q/ml)  in  hamsters  against  a  WEE  challenge . 

In  separate  experiments  (Table  I)  hamsters  were  inoculated  IP  with 


.103  Of  these  attenuated  sttalna  :Xnafion:  ®ere 

various  sequences  of  administration  21-30  days 

sequential  schema  were  ^  virulent  viruses  21  to  30  days  after 

apart;  challenges  were  made  IP  with  virulent  v 

the  last  vaccine  dose. 

table  I .  RESPONSE  TO  CHALLENGE  IN  HAMSTERS  VACCINATED  WITH  ATTENUATED  VEE, 
EEE^  and/or  wee  VIRUSES 


LINE  VACCINATION 


%  SURVIVORS ’(NO. /TOTAL)  AFTER  IP  CHALLENGE  WITH 
103  LD50  OF:-'' 


EEE 


VEE 


NO. 

1 

SCHEDULED' 

WEE, VEE 

wtr. 

100  (20/20) 

82  (45/55) 

100  (10/10) 

2 

VEE, WEE 

84  (42/50) 

82  (41/50) 

100  (13/13) 

3 

EEE, VEE 

32  (16/50) 

100  (25/25) 

100  (10/10) 

4 

VEE, EEE 

28  (14/50) 

94  (47/50) 

100  (12/12) 

5 

WEE, EEE 

100  (45/45) 

85  (69/81) 

23  (63/275) 

6 

EEE, WEE 

96  (24/25) 

100  (25/25) 

68  (123/180) 

7 

VEE -WEE -EEE 

40  (32/80) 

84  (67/80) 

98  (59/60) 

8 

VEE -WEE 

70  (21/30) 

40  (12/30) 

100  (30/30) 

9 

VEE -EEE 

10  (3/30) 

73  (23/30) 

97  (29/30) 

10 

WEE -EEE 

80  (28/35) 

89  (31/35) 

11  (11/100) 

11 

EEE 

6  (8/128) 

90  (75/83) 

7  (5/70) 

12 

WEE 

95  (133/140) 

35  (45/130) 

1  (1/94) 

13 

VEE 

37  (97/260) 

59  (158/268) 

98  (190/194) 

a . 

Co.»a  indicates  f,"“l°„L°';<;rnUrer;d 

simultaneous  administration,  all  vaccines 

hyphen  indicatej 
IP;  only  1  dose 

of  a  "vaccine" 

was  used. 

b. 

Data  are  a  compilation  of  results 

of  several  experiments 

• 

AS  shown  in  Table  I  the  3  attenuated  strains  elicited  excellent^^ 

homologous  protection  when  Section  and  EEE  the 

3,  VEE  produced  the  highest  measure  of  heterologous  prote 

lowest . 
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Sequence  of  immunization  resulted  in  marked  effects  in  only  a  few 
schema.  Use  of  VEE  with  attenuated  WEE  (lines  1,  2)  or  EEE  viruses 
(lines  3,  4)  did  not  result  in  any  significant  change  in  homologous  or 
heterologous  protection,  with  the  exception  of  an  increase  in  protection 
against  EEE  challenge  in  hamsters  immunized  with  VEE  and  WEE  viruses 
(lines  1  2);  this  occurred,  however,  regardless  of  sequence.  In  vac¬ 

cination  schedules  employing  only  attenuated  WEE  and  EEE  viruses  sequence 
of  administration  had  no  significant  effect  on  homologous  protection,  but 
a  marked  effect  on  protection  against  VEE  challenge,  viz .,  WEE  followed 
by  EEE  elicited  only  237o  protection  against  VEE  (line  5),  whereas  the 
reverse  order  of  inmunization  (line  6)  resulted  in  687o  protection. 

Simultaneous  administration  of  the  3  attenuated  strains  (line  1) 
resulted  in  a  marked  decrease  in  the  protective  efficacy  of  the  WEE  virus, 
but  had  no  appreciable  effect  on  the  protection  induced  by  EEE  or  VEE  viruses. 
When  administered  simultaneously  with  either  VEE  virus  (line  8)  or  EEE  virus 
(line  10)  the  attenuated  WEE  exhibited  a  similar  depression  in  its  ability 
to  induce  homologous  protection.  The  homologous  protection  induced  by 
EEE  virus  was  depressed  when  it  was  administered  with  VEE  virus  (line  9)^ 
but  was  unaffected  by  simultaneous  administration  of  WEE  virus  (line  10)  . 

Not  shown  in  Table  I,  but  of  significance  are  the  death  rates  of 
hamsters  inoculated  with  these  attenuated  strains .  Administered  singly 
VEE  killed  10-207o  of  the  hamsters,  WEE  3-57o,  and  EEE  15-30/o;  when  admin¬ 
istered  in  combined  form  the  WEE -EEE  mixture  killed  20-357o,  while  all  other 
combinations  averaged  9.1%,  ranging  from  67,  for  the  VEE-WEE-EEE  mixture  to 
117,  for  the  VEE -WEE  mixture. 

The  observed  death  rates  may  be  due  to  inherent  variation  in  the 
susceptibility  of  the  hamster  to  infection  with  these  viruses,  genetic 
recombination  of  the  attenuated  strains  in  the  host  resulting  in  a  lethal 
hybrid  virus,  increased  growth  and  lethal  effect  of  concomitant  organisms 
in  the  hamster  as  a  result  of  debility  induced  by  the  attenuated  strains, 
or  some  combination  of  these  factors.  Additional,  and  quite  obviously, 
more  sophisticated  studies  would  be  required  to  determine  the  cause  of 
these  "vaccine-induced"  deaths  . 

Evaluation  of  Combined  Attenuated  VEE  and  Inactivated  EEE  and 
Vaccines  .  In  preliminary  studies  on  the  practical  aspects  of  vaccine 
administration,  hamsters  were  simultaneously  immunized  via  the  IP  route 
with  attenuated  VEE  vaccine,  and  formalin-inactivated  WEE  and  EEE  vaccines. 
The  latter  2  vaccines  were  prepared  and  packaged  in  an  identical  manner 
to  the  vaccines  now  used  in  humans.  The  attenuated  VEE  vaccine  was 
diluted  to  contain  hamster  ID50/O.5  ml;  this  material  was  then  used 

to  reconstitute  the  lyophilized  WEE  vaccine.  The  resulting  VEE -WEE 
mixture  was  then  used  to  reconstitute  the  lyophilized  EEE  vaccine.  As 
a  result  a  0.5  ml  hamster  dose  contained  -10^  ID50  of  VEE  and  10  ID50 
each  of  WEE  and  EEE.  Additional  animals  were  given  combined  WEE  and  EEE 
vaccines.  All  hamsters  were  challenged  21  days  later. 


TABLE  II. 


BPQPnNt^F  TO  CHALLENGE  IN  HAMSTERS  ADMINISTERED  COMBINED 

formalin-inactivated  wee  and  eee  vaccines 


VACCINATION 

7o  SURVIVORS 

(NO. /TOTAL)  AFTER  CHALLENGE 

WITH  10^  LD50  OF; 

SCHEDULE 

WEE 

EEE 

VEE 

VEE -WEE -EEE 

93  (65/70) 

99  (69/70) 

100  (10/10) 

WEE -EEE 

100  (50/50) 

100  (50/50) 

4  (2/50) 

Controls  (normals) 

0  (0/10) 

0  (0/10) 

0  (0/10) 

These  results  (Table  II)  indicate  the  feasibility  of  employing  recon¬ 
stituted,  attenuated  VEE  vaccine  as  diluent  ^ 

and  moreover,  demonstrate  that  simultaneons  bf 

vaccines  results  in  protection  at  least  as  good  as  that  obtained  by 
Sequential  administration,  the  current  procedure  for  human  vaccinations . 

The  logistical  advantages  of  the  new  procedure  are 

studies  based  on  immunologic  responses  in  man  are  . 

Work  Unit  096  02  002),  since  suitable  vaccines  are  availabl 


TO  date  over  50  different  immunization  schema  have  been 
hamsters  using  both  attenuated  ^  formalin-inactivated  VEE,  WEE  and  EEE 
viruses.  Further  cross-protection  studies  with  °ther  meters  of 
A  group  of  arboviruses  will  require  acquisition  of 

svftems  since  the  hamster  is  not  susceptible  to  the  majority  of  these 
viruses  Of  greater  importance  is  the  need  for  development  and  testi  g 
of  formalin-inactivated  vaccines  for  other  members  of  this  vj-^us  group 
rsee  also  Work  Unit  096  02  407).  It  is  therefore  apparent  that  further 
cross-protection  studies  will  be  delayed,  since  personnel  limitations 
require  their  utilization  exclusively  for  the  development,  productio 
and  testing  of  the  necessary  vaccines. 


Summary : 

Immunization  of  hamstors  with 

9000  IDsnl  failed  to  provide  any  protection  against  challenge  with  EEE  and 
a uLogh\omologous  protection  was  absolute  This  supports 
The  vleu  that  the  cross-protection  seen  in  hamsters  immunized  »ith 
attenuated  VEE  is  due  only  in  small  part  to  antigens  common  to  the 

3  viruses . 

Studies  with  attenuated  strains  of  VEE,  EEE  and  WEE  viruses  showed 
that:  (1)  administered  singly  they  provide  ^  ’ 

(2)  sequence  of  administration  had  a  marked  effect  on  y  o  followed 

VEE  resistance  in  animals  given  EEE  and  WEE  virus  strains  WEE 

by  EEE  induced  only  23%  protection,  whereas  the  reverse  sequence  protected 
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68%  of  the  hamsters;  (3)  homologous  protection  by  WEE  virus  is  depressed 

EErvirLIi^“?z.J^  administered  simultaneously  with  attenuated  VEE  and/or 
EEE  viruses,  (4)  simultaneous  administration  of  VEE  and  EEE  depresses 
homologous  protection  EEE;  (5)  all  3  viruses  caused  death  prior  to 

3-57  ^^e  hamster,  WEE 

comhlnpii  WEE-EEE  mixture  killed  20-35%,  while  all  other 

combinations  had  an  average  death  rate  of  9.7%, 
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lin.  Products  are  tested  for  safety  and  potency  in  animals.  Efficacy  is  determined  by 
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p  to  300  ml  of  maintenance  medium  may  be  employed  without  decreasing  final  potency;  and 
(3)  inactivation  at  37  C  may  be  carried  out  with  0.057o  formalin  for  30-72  hr,  or  0.17o 
ormalin  for  24-30  hr. 

Utilizing  similar  methods  the  following  parameters  have  been  established  for  EEE 
accine  production  (21  small  lots)  in  CEC  cultures;  (1)  a  MOI  of  >  0.005;  and  (2)  high 
iters  of  cultures  18-24  hr  maintained  with  up  to  300  ml  of  medium;  (3)  inactivation 
ith  0.057>  formalin  is  complete  in  8-16  hr.  Potency  tests  on  EEE  vaccines  are  in 
rogress . 

Publications:  Appl.  Microbiol.  1969.  In  press. 

Amer.  J.  Trop.  Med.  Hyg.  1969.  In  press.  (2  papers) 


YAilAbl*  to  ccntrmetora  upon  ofigtnator^m  approwl. 


DD,:”“J498-1  (FOR  army  USB) 


body  of  report 


Project  No.  1B662706A096; 
Task  No.  1B662706A096  02: 


Medical  Defense  Aspects  of  Biological  Agents  (0) 

Prevention  and  Treatment  of  Biological  Warfare 

Casualties 


Work  Unit  No.  096  02  407: 


Development  of  Inactivated  Group  A  Arbovirus 
Vaccines 


Description: 

produce  inactivated  group  jriga"“t"e°:aracttrof“th:ir 

:L:rnrs“to^rnS:S^:Li"lorict-erpo:;e^rd/or\esistance  to  cnallenge  in 
test  animals. 

Progress: 

Previous  reportsigl/  described  J  .  J^^ncephalitinEM^^WEE) 

vaccines.  In  brief,  this 

of  infected  tissue  culture  ^^u^  third-passage  culture  ultimately  yielded 
in  250-ml  plastic  flasks.  fluid  for  further  processing  into  vaccine. 

only  10  ml  of  virus-containing  fluid  for^fur^ 

Therefore,  multiple-han ^  ing  vaccine.  As  a  result  this  method 

required  to  produce  a  increased  the  risk  of  contamination 

required  many  man-hours  and  necessari  y 

in  the  final  product  . 

.  forts  were  directed  towards  the  development  of 
During  the  past  yea  mprhods  for  the  production  of  selected 

less  tedious  and  time  mas  placed  ou  effective 

gvoup  A  eeU  cultures,  each  of  which  contain  the  same 

Utilization  of  roller  bot  .^Ive  250-ml  plastic  flasks, 

number  of  cells  as  approximately  twelve  mi  p 

_  /cv'i  triruq  Sen-1  MB  strain  was 

Virus  Strains.  Semliki  Potest  (  ^  ^^ain  (MB)  suspen- 

obtained  from  Dr.  W.  P-  A  ^  ^  suckling  mice  and  a  MB  suspension 

Sion.  The  virus  was  passaged  once  in  9-day-old 

was  prepared;  ^^s  material  was  culture.  The  second 

embryonated  eggs,  followed  by  P  vaccine  production 

oassage  CEC  culture  fluid  was  used  as  seeu  v 
Ts  Tell  as  challenge  virus  for  potency  assays. 

•  '  f.  pTT  A  W3-S  obt3.i.n.Gci  from 

Eastern  equine  encephalitis  virus  suspension  with  a  history 

Walter  Reed  Army  Institute  by^  passages  in 

“ihiJoirtirrggs^^T^^virurLr-^fc^ted  .  a  additionnf  passages  in 
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embryonated  eggs^  with  the  virus  from  the  second  egg  passage  serving  as 
seed  for  vaccine  production  and  challenge  virus  for  potency  assays. 

Virus  Titrations.  Three-week-old  white  mice  (CD-I  strain  of  Charles 
River  Mouse  Farms,  Wilmington^  Mass.)  were  used  for  all  virus  titrations. 
Viruses  were  diluted  in  cold  phosphate  buffered  saline  (PBS)  containing 
17o  normal  rabbit  serum.  Groups  of  5  mice  were  inoculated  IC  with  0.03  ml 
of  logic  dilutions  of  virus -containing  fluids  and  observed  for  10  days 
for  deaths.  Titration  endpoints  were  determined  by  the  method  of  Reed 
and  Muenchl^  and  expressed  as  median  lethal  doses  (LD50)  per  1.0  ml. 

Preparation  of  Cell  Cultures.  Nine-day-old  chick  embryos  were  minced 
and  trypsinized  according  to  conventional  methods.  The  resulting  cell 
suspensions  were  suspended  to  a  final  concentration  of  2:4  X  10  cells/ml 
in  a  growth  medium  consisting  of  Eagle's  basal  medium  containing  10%  calf 
serum  and  1%  glutamine  plus  100  pg/ml  each  of  neomycin,  U.S.P.  and 
Streptomycin,  U.S.P.  .  Bellco  840  cm^  cell  production  roUer  vessels 
(Bellco  Glass,  Inc.,  Vineland,  N.  J.)  were  seeded  with  1/0-ml  portions 
of  the  cell  suspension,  placed  on  a  Bellco  roller  apparatus,  and  then 
incubated  at  35  C  until  confluent  cell  sheets  were  obtained  (18-24  hr) . 

Once  cell  confluency  was  achieved  the  growth  medium  was  decanted  and 
replaced  with  serum-free  medium  199  containing  neomycin  and  streptomycin 
as  in  the  growth  medium.  The  CEC  roller  cultures  were  held  an  additional 
20-24  hours  at  35  C .  Prior  to  infection  the  medium  was  removed  and  the 
residual  fluid  drained  from  the  cultures  . 

Potency  Assays.  Semliki  Forest  vaccines  were  assayed  using  3-week-old 
CD-I  white  mice.  Groups  of  10  mice  were  inoculated  intraperitoneally  (IP) 
on  days  0  and  7  with  0.2  ml  of  5-fold  dilutions  of  vaccine.  Fourteen  days 
after  the  last  vaccine  dose  the  mice  were  challenged  IP  with  10  -10  mouse 
IPLD50  of  virulent  SF  virus.  Animals  were  observed  for  deaths  for  14  days . 
Titration  endpoints  were  determined  by  the  method  of  Reed  and  Muench—  . 

The  potency  of  a  vaccine  was  expressed  as  the  median  effective  dose  (ED50), 
i.e.  the  volume  of  undiluted  vaccine  given  in  each  dose  of  the  2-dose 
series  which  protected  50%  of  the  mice  from  death  following  challenge. 

Eastern  equine  encephalitis  vaccines  were  assayed  in  Lakeview  strain 
Golden  Syrian  hamsters  (85-95  gm)  (Lakeview  Hamster  Colony,  Newfield,  N.  J  .) 
Groups  of  10  hamsters  were  inoculated  IP  on  days  0  and  7  with  0.5  ml  of 
5-fold  dilutions  of  vaccine.  Challenges  with  virulent  EEE  virus  were 
performed  21  days  after  the  last  vaccine  dose  using  lO^-lO"^  hamster  IPLD5Q . 
Titration  endpoints  and  ED50  values  were  determined  as  described  for  SF 
vaccines . 

Semliki  Forest  Vaccine.  In  vaccine  production  it  is  advantageous 
to;  (1)  use  as  high  a  dilution  of  seed  virus  as  possible  to  reduce 
carryover  of  extraneous  material  from  the  seed;  (2)  employ  that  dilution 
of  seed  virus  which  results  in  maximum  titers  of  virus  at  a  convenient 
harvest  time;  and  (3)  use  as  large  a  volume  of  maintenance  medium  as 
possible,  while  still  producing  a  vaccine  of  high  potency. 


I„  a  preliminary  study  It 

inoculum  (MOD  o£  CEC  rolKr  cultures  maintained  with 

yield  o£  virus  1^-20  hr  using  designed  to  determine  the 

100  ml  of  -dli;;”  IW-  ^i^Hf  maintenance  medium,  virus  yield,  and  time 
interrelationships  of  volume  roller  bottle  cultures  were  each 

of  harvest.  To  this  end  „”“ed  virus  to  effect  an  MOI  of 

inoculated  with  10  ml  o  a  su  p  ^  roller  appartus  for  1  hr  at 

^0.005.  The  bottles  were  then  placed^on  joined  from 

35  C  for  virus  adsorption.  T  maintenance  medium  199 

the  cultures  and  either  50^  10  ,  albumin,  was  added. 

^?rti?Senuit‘r.“rrri=  t  ?;£c  o^^^ 

'^Lfdu^:;  wlj:  :“trnrirrie;:rro:  t:::ufa:ton  a„d  handimg  of  cmtures.) 


TABLE  I 


effect  of  maintenance  medium  volume  on  mOPAGATION  OF  SF  VIRUS 
IN  CEC  ROLLER  BOTTLE  CULTURES  (MOI  =  0.005) 


HOUR 

POST- 

TNFECTION 


50  ml 


'T.nr.^n  LDt;n/ml:g.^  BY  "MAINTENANCE  MEDIUM  VOLUME^ 
100  ml _ 


200  ml 


300  ml 


4 

8 

10 

12 

14 

16 

18 

20 

24 


3.3 
3  .0 
5.9 
6.8 
7  .9 
8.6 
9  .0 
8.9 
9.7 
9.5 


3.1 

2.6 

5.4 

6.0 

7.2 

8.1 

8.5 

9.5 
9.9 
9  .4 


2.5 

2.4 

4.8 
5.2 

6.8 
7  .1 
7  .4 
8.9 
9.0 
9.7 


2.6 

2.3 
4.6 

5.4 
6.9 
7.0 

7  .8 

8  .6 
9.7 
9  .4 


a.  Mean  titers  of  samples  obtained  from  replicate  sets  of  cultures. 

Pnble  I  is  a  sugary  of  typical  vUus  titers  of^fluid^s^ples^removed 

from  cultures  «  «rious  tt-s  postinocul^ 

r  irirrou^^^^eLa!- With  -rser  volu^  t3;24^hr  ^re^regurred 
^rc^trcrs  “mif„tarneniT50-ISo  ml  of  medium  than  with  200  or  300  ml. 
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Such  cell  destruction  can  be  expected  to  increase  total  protein  nitrogen 
in  the  final  vaccine.  Since  no  data  were  available  to  indicate  the 
relationship  between  final  vaccine  potency  and  pre-inactivation  virus 
titer,  vaccines  were  prepared  from  the  18-  20-  and  24-hr  fluids  from  the 
above  studies.  Predicated  on  these  results  additional  SF  viral  harvests 
from  cultures  maintained  with  100,  200  or  300  ml  of  medium  199  were  also 
processed  into  vaccines  . 

For  final  processing  into  vaccines  all  harvests  were  clarified  by 
centrifugation  at  900  for  30  min  at  4  C,  followed  by  filtration  through 
a  0.45ti  membrane  filter  (Millipore)  .  These  steps  ensured  removal  of 
cellular  debris  which  might  adversely  affect  virus  inactivation.  Studies 
on  numerous  lots  of  SF  vaccine  have  indicated  that  little  or  no  loss  of 
infectivity  occurs  as  a  result  of  these  clarification  measures . 

Inactivation  of  clarified  viral  harvests  was  accomplished  by  addition 
of  formalin  (Formaldehyde,  37%  assay)  to  a  final  concentration  of  either 
0.05  or  0.17c,.  After  addition  of  formalin  the  fluids  were  thoroughly  mixed 
by  shaking  and  placed  at  37  C  for  24-72  hours.  During  this  period  the 
fluids  were  agitated  frequently.  At  the  end  of  the  desired  period  of 
inactivation  the  material  was  held  at  4  C  in  sealed  vessels  for  15  days, 
during  which  time  the  vessels  were  shaken  at  least  twice  daily. 


TABLE  II.  FORMALIN  INACTIVATION^/  OF  SF  VIRUS  AT  37  C. 


HOUR 

LOGiq  LD50/O.O3  ml 

BY  FORMALIN  CONCENTRATION; 

VIRUS.^/ 

POST- 

FORMALIN 

0.05% 

0.1% 

CONTROL 

0 

7. 2-8. 4 

7  .6 

7.6 

2 

<3. 0-5. 3 

2. 5-3. 2 

7.2 

4 

1.3-3. 4 

0.6-1 .2 

6 

>0.5-1  .5 

0-<l  .0£/ 

8 

<0.5-<l,5 

0-<l  .0 

10 

0-1.5 

0-<l  .0 

6.5 

12 

0-<l  .0 

0-<1.0 

0§J 

14 

0-<1.0 

16 

0-<1.0 

0 

18 

0 

0 

20 

0 

0 

22 

0 

0 

6.0 

24 

0 

0 

a.  Determined  by  IC  inoculation  of  adult  mice  with  0.03  ml. 


b.  Blanks  -  not  tested. 

c.  When  2  figures  are  given,  this  indicates  the  range  observed  at  that  time 
period  on  samples  from  different  lots  of  vaccine. 

d.  0  indicates  survival  of  50/50  mice  inoculated  with  undiluted  vaccine. 


S,,pies  of  vaccine  taken  ^t  J^egular  if/Z^^^^^^Jf^rsuSecterri^ 
period  were  titrated  ’  included  as  controls.  Shown  in 

to  37  C  for  similar  results  of  such  titrations  which  have  been 

rerf:riL^rn  t^ra^^rity  of  vaccines  produced . 

With  0.057o  formalin,  '■^^^^“"comnete  iLctivation" 

10-16  hr.  Using  a  exact  "killing  time"  varied  from 

generally  occurred  in  6-12  hr.  ^^^ermined  for  each  individual  lot. 
lot  to  lot  and  therefore,  ^^^4/  require  formalin  treatment  at 

Since  Public  Health  Service  standard  inactivation  "  this 

37  C  for  3  times  that  period  ^  for  0 .05%  vaccines  and 

would  entail  30-48  hr  inactivation  per 
18-36  hr  for  0.17o  vaccines. 

Both  extended  ^"^^°retiiL^2ovr0^rily"re^ult  in 

centrations)  and  exposure  temp  i^wer  potencies. 

decreased  antigenicity  i  factors  on  SF  vaccines  15  lots  of 

To  evaluate  the  effect  of  these  factors  formalin 

experimental  vaccines  ^^Lted  in  Table  III  are  the  results 

:f p^rercr:ss:;s^;rrfo:m:d  on'vaccmes  prepared  during  this  study, 

^  _  _ _  n-r’  TMiOTTV; 


TABLE  III 


effect  of  forhae™  concentrate  and  length  of  inactivation 
PERIOD  ON  POTENCY  OF  SF  VACCINES  _ _____ 


formalin 

CONCENTRATION 


15'^n  (ml)  BY  HOURS  OF  INACTIVATION 

30  hr _ 


24  hr 


36  hr 


0.05 


0.0060^^ 

(0  .018-0  .0011) 


0.0011 


72  hr 
0.0029 


0.1 


0.0068 

0.0021 


0.0036 

0.0033 


/  el  all  other  values  are  for  individual  lots  of 
a.  Mean  of  9  lots;  (range),  all  otner  v 

vaccine .  . 

These  results  indicate  that  potent  ^^^''S^inactSation  period  or 

:ir  0  f  -  iods^^^-ctivation .  Jrom^a^p.o- ^ 

duction  standpoint  the  latitude  ^^us  permj^ted  is^^^  ^^,^^^3 

advantage.  Also  significant,  but  to  produce  these  vaccines, 

Tf^T.  “rifhar^Lts  prior  to  final  processing.  Marntenanc 


medium  volumes  ranged  from  50-300  ml,  while  pre-inactivation  titers  varied 
from  10^ -0-10^ -8  LD5Q/ml.  No  correlation  could  be  made  between  pre-inacti- 
vation  titer  and  vaccine  potency.  Apparently  even  the  lowest  titers 
achieved  represented  sufficient  antigenic  mass  for  potent  vaccines.  It 
is  therefore  possible  to  use  300  ml  of  maintenance  medium  for  high  volume 
production  without  a  concomitant  decrease  in  potency  of  the  final  product. 


Representative  lots  of  SF  vaccines  have  been  lyophilized  and  are 
currently  being  tested  for  potency.  Standard  testsit/  for  safety,  toxicity 
and  sterility  are  also  being  performed  on  selected  lots. 


Eastern  Equine  Encephalitis  Vaccine .  Studies  are  in  progress  with 
EEE  virus,  utilizing  the  methods  described  for  SF  virus. 


Roller  bottle  CEC  cultures  were  infected  with  PE-6  strain  EEE  virus 
at  MOI's  of  5.0-0.0005  and  maintained  with  300  ml  of  medium  199.  Samples 
of  culture  fluids  were  removed  at  regular  intervals  postinoculation  and 
assayed  in  mice .  As  shown  in  Table  IV  optimum  yields  of  virus  were 
obtained  at  a  convenient  harvest  time  of  18-24  hr  at  an  acceptable  MOI 
of  0.005. 


TABLE  IV .  EFFECT  OF  MOI  ON  PROPAGATION  OF  EEE  VIRUS  IN  ROLLER  BOTTLE 
CEC  CULTURES 


HOURS 

POST- 

INOCULATION 

LOG 10  LD5o/ml  BY  MOI: 

5 

0.5 

0.05 

0.005 

0.0005 

6 

>7  .0 

>6.7 

>7  .0 

>6.5 

5.0 

12 

>8.9 

>9  .0 

>9.0 

>8.3 

>8.7 

18 

9.2 

9.0 

8.8 

8.7 

8.7 

24 

9.0 

9  .0 

9.1 

9.2 

8.2 

30 

8.5 

8.0 

8.7 

9  .0 

<8.5 

Since  previous  experience  in  this  laboratory  suggested  that  EEE  virus 
yield  may  be  affected  by  maintenance  medium  volume,  replicate  cultures  were 
infected  at  an  MOI  of  0.0005  and  then  maintained  with  100-300  ml  of 
medium  199 .  The  results  of  titrations  performed  with  fluids  removed  from 
these  cultures  at  regular  intervals  are  shown  in  Table  V.  Although  use  of 
100  or  200  ml  of  maintenance  medium  resulted  in  somewhat  higher  yields  of 
virus  at  a  convenient  harvest  time  (18-24  hr),  the  cultures  thus  maintained 
showed  far  greater  cytopathic  effects  (CPE)  than  those  maintained  with 
300  ml.  Thus,  the  amount  of  total  protein  nitrogen  can  be  expected  to  be 
greater  in  the  100-  or  200-ml  harvests.  Assays  of  additional  18-  and  24-hr 
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TABLE  V  EFFECT  OF  MAINTENANCE  MEDIUM  VOLUME  ON  PROPAGATION  OF  EEE  VIRUS 
IN  CEC  ROLLER  BOTTLE  CULTURES  (MOI  =  0.005) 


HOURS 

POST- 

TMnrin  attdn 

LOGio  LD5o/rol 

BY  MAINTENANCE 

MEDIUM  VOLUME: 

100  ml 

200  ml 

300  ml 

6 

7  .2 

7  .0 

6.8 

12 

9.9 

9.1 

9  .1 

18 

10.0 

9  .5 

9.1 

24 

10.3 

9.8 

9.3 

30 

9  .3 

9  .3 

9  .3 

harvests  from  cultures  maintained  with  100-300  ml  of  media  indicate  that 
significantly  higher  titers  are  not  consistently  we^r 

volumes  of  medium.  In  all  cases,  however,  titers  >10  •  LD5o/ml  were 
obtained  regardless  of  volume  of  the  maintenance  medium. 


Inactivation  of  clarified  viral  harvests  was  carried  out  at  37  C  as 
described  for  SF  virus,  using  final  concentrations  of  0.05 
formalin  for  24-48  hr.  Data  available  at  this  time  suggest  the  following 
time  requirements  for  "complete  inactivation"  of  EEE  virus:  with  0.054 
formalin,  8-16  hr;  with  0.075%,  6-12  hr;  and  0.1%,  4-8  hr. 

To  date  21  small  lots  of  EEE  vaccine  have  been  prepared  and  are  being 
assayed  for  potency  in  hamsters.  These  vaccines  were  made  with  fluids 
from  infected  cultures  maintained  with  100-300  ml  of  medium  and  had 
pre-inactivation  virus  titers  ranging  from  lO^ •  -10  •  LD5o/ml  • 

Represented  in  these  lots  are  vaccines  prepared  with  the  3  formalin 
concentrations  employing  various  periods  of  inactivation.  Until  c 
pletion  of  the  potency  assays  it  will  not  be  possible  to  ascertain  the 
and  InterrLatlonshlps  of  factors  such  as 
volume,  pre-inactivation  titer,  amount  of  formalin  employed,  and  length 
of  inactivation  period. 


Summary: 

Fifteen  lots  of  potent  Semliki  Forest  (SF)  vaccine  have  been  prepared 
in  roller  bottle  cultures  of  chick  embryo  cells  (^EC).  The  following 
parameters  for  SF  vaccine  production  are  presented;  (1)  using  ^ 
plicity  of  inoculum  (MOI)  of  0.005,  CEC  cultures  yield  maximum  titers  of 
virus  18-24  hr  postinoculation;  (2)  <300  ml  of  maintenance  medium  may  be 
employed  without  decreasing  final  potency;  and  (3)  inactivation  at  3 
may  be  carried  out  with  0.05%  formalin  for  30-72  hr,  or  0.14  formali 

for  24-30  hr . 
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Utilizing  similar  methods  the  following  parameters  have  been  estab¬ 
lished  for  EEE  vaccine  production  in  CEC  roller  bottle  cultures:  (1)  a  MOI 
of  >0.005  may  be  employed;  (2)  titers  >10  •  LD^Q/ml  are  consistently 
achTeved  by  18-24  hr  in  cultures  maintained  with  up  to  300  ml  of  medium; 
and  (3)  inactivation  with  0.057o  formalin  is  complete  in  8-16  hr.  Potency 
tests  on  EEE  vaccines  are  in  progress. 
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Description: 

Investigate  various  interactions  between 
Progress.  Part  I: 

studies  were  initiated  to  characterize  TnL^pSr 

nicity  of  small  plaque  ^  inoculated  with  10^  median 

(EEE)  virus  in  equines.  Initial  y,  rSMICLDcn)  of  SPM  intracerebrally 

suckling  mouse  intracerebral  letha  Ll?hal  on  day  8  postinocu- 

(IC) .  The  burro  was  euthanized  y  J  animal's  complete  blood 

iation.  During  the  8-day  '^MooS  urL  nitrogen,  alhaline 

count,  differential  /“^l^^gtlc  transaminase  (SCOT)  and  serum  glutamic 

phosphatase,  serum  Slat^id  °2i“%emained  within  normal  limits.  So  clinr- 
pyruvic  transaminase  (CSS)  involvement  were  noted  and 

cal  signs  typical  of  central  nerv  y  viremla  was  detected, 

the  animal's  temperature  remained  <  101  t. 

f  brain  revealed  a  darkly  hemorrhagic 

Gross  pathologic  examination  o  cerebral  hemisphere,  di¬ 
lesion  approximately  1  cm  in  calvarium.  Microscopically,  this 

rectly  beneath  the  trephine  apparently  due  to  trauma 

area  was  frankly  hemorrhagic  an  examination  of  tissue  at  in- 

from  injection  of  ™ateri  ^  revealed  perivascular  cuffing,  neuronopha- 

"““tilr^oijrir^f^rrrs:  :rsstellitosL  that  could  ™t  ^ 

"'tir"‘H™e“erthfmrUncsi  rf'thfLslons  observed  was  harmonious  with 
thria^h  of  clinical  signs  exhibited  by  the  burro. 

a  d  •  .-V,  in6  cMinn  SPM  subcutaneously 
A  burro  and  a  pony  were  ^^^ological  and  blood  chemistry 

(SC).  No  clinical  signs  were  ®  ,  days.  No  viremia  was  detect- 

parameters  remained  within  norma  im  •  postinoculation, 

able  in  morning  and  evening  inhibition  (HI)  titers  at 

Serologic  response,  as  measured  y  a  ^as  so  marginal  (<  1:20) 

various  times  as  long  as  36  Postinocula  challenged  IC  with 

that  it  was  insignificant.  At  this  time. 
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10  median  guinea  pig  IC  lethal  doses  of  PE-6  strain  EEE  virus.  Both  suc¬ 
cumbed  with  typical  CNS  signs  of  EEE.  The  duration  of  illness  was  only 
slightly  longer  than  in  a  control  pony. 

Summary.  Part  I: 

Studies  were  initiated  to  characterize  the  pathogenicity  and  immunoge- 
nicity  of  SPM-EEE  in  the  equine  species.  IC  inoculation  of  SPM  in  a  burro 
produced  mild  lesions  in  the  brain  typical  of  viral  infection^  although  there 
were  no  clinical  signs  of  CNS  involvement.  A  burro  and  a  pony  given  SPM  SC 
had  no  detectable  viremia  or  significant  serologic  response^  and  readily  suc¬ 
cumbed  to  an  IC  challenge  with  virulent  EEE. 

Progress,  Part  II: 

Studies  were  initiated  to  characterize  changes  in  the  canine  from  the  ef¬ 
fect  of  modified  live  infectious  canine  hepatitis  (MLV-ICH)  virus  and  viru¬ 
lent  ICH.  Clinical  observations^  daily  temperatures^  complete  blood  counts, 
SGPT,  SCOT,  alkaline  phosphatase,  serum  protein  electrophoresis,  glycoprotein 
electrophoresis,  and  histopathology  (liver  biopsy)  have  been  used  to  investi¬ 
gate  this  hepatotropic  virus. 

A  total  of  21  beagle  pups,  4-6  mon  old,  have  been  utilized  in  the  follow¬ 
ing  manner : 

a.  Liver  biopsies. 

(1)  No  virus  -  2. 

(2)  MLV-ICH  -  2. 

(3)  ICH  -  1. 

b.  Serial  bleeding. 

(1)  No  virus  -  1 . 

(2)  MLV-ICH  -  7. 

(3)  ICH  -  8. 

The  liver  biopsies  were  performed  between  days  0  and  6  using  the  tech¬ 
nique  of  McConnell  £t  All  except  4  dogs  were  distemper-vaccinated 

prior  to  the  experiment.  All  pups  for  serial  bleeding  had  several  baseline 
bleedings  and  then  were  sampled  on  days  0,  1,  2,  3,  5,  7,  10  and  28. 

All  dogs  that  received  the  MLV-ICH  vaccine  (commercial  product)  remained 
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normal  clinically;  all  parameters  ic/^irfs'' 

7  mf  i-hP<;p  do2S  were  subsequently  challenged  with  virulent  lun  virua 

(COTTCll  Strain)  and  remained  completely  normal.  There  was  no  difference 

between  control  dogs  and  the  vaccinated  group. 

Dogs  receiving  virulent  challenge  responded  with 
betwe^fdars  2  and  3;  leukopenia,  Ix^Sinning  about  day  5;  and  increased^SGOT 

“iiifnie!°“cio?airouS“of't“:rri:Jiiv:rb^^  'i^:;rwerrno 

-Si:  irSbiSlSoSSnSSoi  -SreSSrcSro;  .e  vaccmated 
dogs  used  for  serial  liver  biopsies. 

Ml  dogs  that  had  been  challenged  vi-lent  v‘rus,^a„d  also  tad^_ 

frr“:for:“%:::i— d-ljroiio-Selectrophoresis.^ 

SS;rt"f  ioSroi  S  SriSterd-sS::  S  iLnSis  dramahc 
change  in  the  alpha-2  fraction. 

Further  work  is  planned  to  repeat  this  study  and  to  determine  exactly 
when  the  rise  begins  and  how  long  it  persists. 

Summary.  Part  II: 

Beagle  dogs  with  experimentally  induced  ICH  have  shown  ’ 

laboratory  and  histopathological  changes  as  ^ell  as  animals  and 

alDha-2  faction  of  serum  proteins  and  glycoproteins  Control  animai 

aniLls  receiving  modified  live  virus  vaccine  have  shown  no  cha  g  . 


Progress.  Part  III: 

The  serologic  responses  of  monkeys  “dliflii^eiiti  ii^r- 

viral  vaccines^  Venezuelan  equine  encep  administered  at  various  times 

knowing  3  groups  of  12  monkeys  each 

were  examined; 

stra!;  orfSi^w 

tered  as  a  single  inoculum. 

b.  Group  II.  TC-83  was  injected,  followed  in  3  days  by  17D. 

c.  Group  III .  17D  was  administered,  followed  in  3  days  by  TC-33. 

Each  monkey  was  bled  on  day  0  and  on  days  U  and  23  postvaccination. 


TABLE  I.  SEROLOGICAL  RESPONSES  TO  YELLOW  FEVER  VACCINE  STRAIN  17D. 


LOG  NEUTRALIZATION  INDICES  POSTVACCINATION 


DAY  14  _  _ DAY  28 

CONDI TIONi'  CONDITION 


I 

II 

Ill 

I 

II 

III 

<1 

1.6 

1.9 

2.5 

3.2 

2.1 

<1 

1.3 

<1 

1.8 

2.0 

1.0 

1.7 

1.0 

1.7 

2.9 

2.0 

2.3 

<1 

1.1 

1.9 

1.7 

2.0 

2.0 

<1 

<1 

1.8 

1.8 

1.5 

2.9 

<1 

1.6 

2.0 

<1 

1.7 

2.0 

<1 

1.8 

2.1 

<1 

1.9 

2.3 

<1 

1.3 

1.9 

<1 

2.0 

1.9 

<1 

1.9 

1.9 

<1 

1.9 

2.3 

<1 

<1 

1.9 

<1 

1.5 

2.2 

- 

<1 

1.3 

2.3 

2.0 

2.1 

<1 

1.4 

1.5 

1.0 

2.5 

Summary 

No.  Responding/ 

Total 

1/11 

9/12 

11/12 

6/11 

12/12 

12/12 

Mean  LNI  Titer 

0.15 

1.08 

1.66 

1.18 

1.88 

2.12 

Mean  LNI  Titer 

Responders 

1.68 

1.44 

1.81 

2.17 

1.88 

2.12 

a.  I.  VEE  and 

17D  vaccines^ 

combined . 

II.  VEE  vaccine^  followed  in  3  days  by  17D  vaccine. 

III.  17D  vaccine^  followed  in  3  days  by  VEE  vaccine 


TABLE  II. 


SEROLOGIC  RESPONSES  TO  VEE  VACCINE. 


reciprocal 
DAY  14 

HI  TITER  POSTVACCINATION 

DAY  28 

— 

I 

CONDITIONi^ 

II 

III 

I 

CONDITION 

II 

Ill 

80 

80 

320 

320 

40 

320 

80 

40 

160 

80 

80 

160 

320 

640 

160 

320 

1280 

80 

160 

80 

320 

160 

40 

320 

160 

160 

160 

160 

320 

160 

80 

640 

640 

40 

160 

320 

160 

640 

320 

160 

640 

160 

20 

160 

1280 

40 

160 

1280 

160 

320 

640 

80 

320 

640 

80 

160 

640 

80 

320 

320 

160 

320 

320 

320 

320 

320 

320 

320 

40 

320 

320 

80 

Suramarv 

No.  Responding/ 
Total 

12/12 

12/12 

12/12 

12/12 

12/12 

12/12 

Mean  HI  Titer 

120 

214 

302 

135 

214 

254 

See  footnote  Table  I. 
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Yellow  fever  antibody  neutralization  tests  and  VEE-HI  tests  were  conducted  on 
each  sample  by  Serology  Section,  Bacteriology  Division,  USAMRIID.  The  yellow 
fever  antibody  neutralization  test  performed  was  the  constant  serum-varying 
virus  technique.  Results  obtained  from  these  tests  are  shown  in  Tables  I  and 

II . 

From  Table  I,  it  can  be  seen  that  a  significantly  smaller  percentage  of 
the  Group  I  monkeys  developed  a  demonstrable  log  neutralization  index  (LNI) 
antibody  response  to  17D  than  did  the  monkeys  of  Groups  II  and  III.  This 
observation  is  true  for  both  days  14  and  28,  Although  in  Table  II  a  sugges¬ 
ted  difference  in  VEE-HI  titers  exists  between  Group  I  and  Groups  II  and  III, 
there  is  no  difference  in  number  of  animals  responding,  and  the  difference  in 
titer  is  not  significant. 

In  all  cases  (both  VEE  and  yellow  fever),  the  prevaccination  titers  were 
negative . 

Summary,  Part  III: 

The  interaction  of  2  live  viral  vaccines,  VEE  and  yellow  fever,  was  stud¬ 
ied  by  serological  methods  in  the  monkey.  The  serological  response  to  yellow 
fever  vaccine  was  less  in  a  group  of  monkeys  that  received  the  2  vaccines 
combined  in  a  single  inoculum  than  in  monkeys  that  received  1  of  the  vaccines 
initially  followed  in  3  days  by  the  other.  No  difference  was  observed  in  HI 
titers  for  VEE  among  the  3  groups,  A  more  definitive  study  is  now  being  con¬ 
ducted  . 
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23.  (U)  Study  cross-circulation  as  a  mode  of  therapy  for  yellow  fever, 

24.  (U)  Inoculate  rhesus  monkeys  with  Asibi  strain  yellow  fever  virus.  Study  changes 
in  blood  and  tissues  during  the  course  of  the  disease.  Study  cross-circulation  as  a 
mode  of  therapy. 

25.  (U)  68  07  -  69  06  -  Cross-circulation  of  yellow  fever- infected  monkeys  with  immune 
donor  animals  produces  a  temporary  improvement  clinically,  but  has  failed  to  prolong 
the  life  of  the  animal.  Many  technical  problems  have  been  encountered  and  are  under 
inve  8 1 iga  t ion . 
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Project  No.  1B662706A096:  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No.  1B662706A096  02:  Prevention  and  Treatment  of  Biological  Warfare 

Casualties 

Work  Unit  No.  096  02  410:  Pathophysiology  and  Treatment  of  Yellow  Fever 
Description: 

Study  cross-circulation  as  a  mode  of  therapy  for  yellow  fever  in  the 
rhesus  monkey. 

Progress : 

The  study  of  cross-circulation  as  a  means  of  therapy  in  yellow  fever  in 
the  rhesus  monkey  has  been  continued  in  a  manner  similar  to  that  outlined 
previously .i'  The  various  controls  discussed  in  that  report  have  not  been 
used  in  order  to  reduce  the  number  of  monkeys  required  for  each  study.  These 
controls  will  be  reintroduced  into  the  study  if  an  infected  animal  can  be 
maintained  and  its  life  extended  for  a  significant  period  of  time. 


During  each  cross-circulation  study^  3-20  ml  of  blood  are  drawn  at  hourly 
intervals  from  each  monkey  and  replaced  with  equal  volumes  of  blood  from 
normal  monkeys.  The  following  laboratory  studies  are  performed  on  each  blood 
sample:  viremia,  lactic  dehydrogenase  (LDH) ,  serum  glutamic  pyruvic  trans¬ 

aminase  (SGPT),  alkaline  phosphatase,  pH,  PCO2,  base  excess,  Na,  K  and  blood 
urea  nitrogen  (BUN).  In  all  of  the  studies  where  yellow  fever-infected 
monkeys  were  cross-circulated  with  immune  donor  monkeys,  the  Na,  K,  alkaline 
phosphatase,  pH,  pCOo,  and  base  excess  values  have  remained  relatively  un¬ 
changed  except  for  the  terminal  samples.  Slight  rises  in  BUN  levels  have 
been  noted  especially  in  infected  animals  and  donor  animals  that  have  die  . 
The  LDH  and  SGPT  values  have  increased  in  both  the  infected  and  donor  animals 
as  the  cross-circulation  has  progressed.  However,  whereas  the  infected  ani¬ 
mal  levels  remained  elevated,  or  continued  to  rise,  the  levels  in  the  donor 
animals  when  removed  from  cross-circulation  tended  to  return  to  normal.  Ter¬ 
minally,  metabolic  acidosis  and  hypoglycemia  occur  in  the  infected  animal. 

Five  studies  have  been  conducted  utilizing  yellow  fever- infected  animals 
and  immune  donor  animals.  As  these  studies  have  progressed,  the  schedules  of 
the  cross-circulation  periods  have  been  altered  in  an  attempt  to  find  a  sched¬ 
ule  beneficial  to  the  infected  animal.  The  original  schedule  was  1  hr  cross¬ 
circulation  followed  by  a  5-hr  rest.  The  rest  period  was  later  reduced  to 
3  hr.  Since  this  schedule  also  failed  to  prolong  life,  it  was  decided  to 


keep  the  infected  animal  on  continuous  cross-circulation,  but  to  change  the 
donor  animal  every  5  hr.  As  clotting  problems  often  occurred  during  the 
changing  of  donors,  in  the  last  study  the  infected  animal  was  continuously 
cross-circulated  with  1  donor. 

To  date,  none  of  the  cross-circulation  regimes  used  have  prolonged  the 
life  of  any  infected  animals.  However,  many  technical  problems  occur  during 
cr os s - c ircu la t ion  which  may  contribute  to  the  deaths  of  the  infected  animals. 
Studies  are  now  in  progress  to  elucidate  the  mechanisms  of  these  problems 
and  methods  of  overcoming  them. 

The  most  difficult  problem  to  overcome  is  the  clotting  in  the  extracor¬ 
poreal  shunts.  This  appears  to  be  a  greater  problem  in  the  infected  animal 
than  in  the  donor  animal,  or  in  the  case  of  cross-circulation  of  2  monkeys. 

To  substantiate  this  supposition,  we  are  now  in  the  process  of  cross-circu¬ 
lating  groups  of  normal  monkeys,  2  animals  per  group.  These  are  cross-circu¬ 
lated  continuously  for  30  hr  and  observed  for  the  development  of  clots  in  the 
system.  Also,  various  laboratory  procedures  are  performed  in  order  to  detect 
any  adverse  changes  which  may  be  occurring. 

Another  problem  which  is  being  closely  studied  is  the  death  of  the  immune 
donor  animals.  Of  the  11  donors  used  in  the  5  study  groups,  8  have  died  Ik- 
72  hr  following  cross-circulation.  Of  these  8  donors,  only  1  has  had  a  de¬ 
monstrable  viremia  at  the  time  of  death.  By  working  closely  with  Pathology 
Division,  USAMRIID,  we  hope  to  determine  the  cause  of  any  donor  animal  deaths 
in  future  studies. 

In  most  studies  the  infected  animal  initially  has  shown  clinical  improve¬ 
ment  when  placed  on  cross-circulation.  To  date,  this  improvement  has  only 
been  transient. 

Summary : 

The  use  of  cross-circulation  as  a  means  of  therapy  for  yellow  fever  is 
being  investigated  in  the  rhesus  monkey.  To  date,  the  technique  has  failed 
to  prolong  the  life  of  infected  animals.  However,  the  many  technical  prob¬ 
lems  encountered  when  cross-circulation  is  occurring  may  be  contributing  to 
the  deaths  of  the  animals  and  are  now  under  investigation. 
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begun  on  a  study  of  the  effect  of  SEB  on  macrophage  migration. 


Araitsble  io  conttmetora  upon  oriElnR<o>*^gPBgggi:-^.— 
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in  Infectious  Disease 


Description:  ruction  of  circulating 

Develop  and  infectious  disease, 

ixnmunoglobulin  early  m  the 

p^o^ress  and  Svmmiarx,  complement  components 

vred  last  year  concerning  purified  P  failed; 

coating  of  partic  chamctaxis  of  polymorpho- 

aacirarirnc::r.en^^^^^^^^  “ 

The  migration  of  P  ^^^^otactic  factor  by  SEB.  ^^itoneal  PMN  was 

the  generation  o  y  activity  for  rab  ^  ^  chemotactic 

that  of  Snyderm^»  ^era.^buf  endotoxin  generate^a  c^emo^ 

generated  by  SEB  m  Results  using  rabbit  there  was  a 

factor  in  this  test  but  extended 

peritoneal  PMN  were  btgb  vtLTpMN.  Typical 

chemotactic  ^^^tor  g  antibody  to  SEB  are 

to  fresh  human  with  no  detectable  antibody^^_^^^^.^.^^ 

protocols  employ  g  ^  that  the  p^er  incubation 

presented  in  Table  SEB  in  human  sera  f  ^er  inc 

chemotactic  factor  gf^^ff  ^  other  experiments  heating 

at  37  and  occasionally  0  substrate  is  heat  sen 

serum  at  56  C  reveals  that  rn 
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TABLE  I.  CHEMOTACTIC  ACTIVITY  GENERATED  BY  SEB  OR  ENDOTOXIC  LIPOPOLY- 
SACCHARIDE  (LPS)  IN  HUMAN  SERUM  IN  TWO  EXPERIMENTS. 


INCUBATION _ CELLS/ 10  HIGH-POWER  FIELDS 


Temp.  &  Time 

Condition 

Donor 

#1 

M 

#2 

Donor 

#1 

C 

#2 

Donor  I 
#1  #2 

0  C  30  min  + 

SEB  4  pg 

423** 

1423* 

298** 

709** 

873** 

668* 

37  C  60  min 

LPS  4  pg 

480** 

1010** 

450* 

450* 

938** 

724* 

Control 

243 

678 

159 

358 

652 

109 

SEB  4  pg 

197 

459 

302* 

188 

468 

73 

0  C  30 

min  + 

37  C 

60  min  + 

LPS  4  pg 

494* 

612** 

450* 

623* 

840 

358* 

56  C 

30  min 

Control 

240 

383 

no 

203 

652 

100 

0 

C 

120  min 

SEB  4 

yg 

237 

717** 

278** 

400 

805 

382* 

0 

c 

180  min 

SEB  4 

ug 

247 

626 

463* 

931** 

899** 

390** 

0 

c 

180  min 

Control 

242 

513 

170 

358 

568 

180 

* 

** 

Differs 

Differs 

significantly 

significantly 

from 

from 

control 

control 

value,  £ 
value,  £ 

<  0.05 

<  0.01 

Table  II  summarizes  the  data  on  sera  from  8  human  donors  with  varying 
patterns  of  anti-SEB  antibody.  Serum  was  taken  from  each  donor  on  2 
separate  occasions.  As  can  be  seen  from  the  table,  failure  of  SEB  to 
activate  a  chemotactic  factor  is  associated  with  a  positive  precipitin 
test  and  the  lack  of  demonstrable  IgM  as  determined  by  Sephadex  G-200 
chromatography.  No  correlation  is  seen  between  antibody  measurements  and 
the  generation  of  a  chemotactic  factor  at  0  C.  No  explanation  for  the 
generation  of  a  chemotactic  factor  at  this  temperature  is  apparent.  The 
heat  lability  and  the  association  of  the  presence  of  precipitating  antibody 
with  protection  against  challenge  with  SEB  indicate  that  this  chemotactic 
factor  is  different  from  that  generated  by  endotoxin  and  antigen-antibody 
complexes.  Preliminary  experiments  indicate  the  chemotactic  factor  is 
stable  for  12-24  hr.  The  parallelism  between  species  susceptability  to 
SEB  and  the  generation  of  chemotactic  activity  in  their  sera  suggests  a 
possible  role  of  the  chemotactic  factor  in  the  pathogenesis  of  SEB 
intoxication. 


table  II.  effect  of  ANTI-SEB  titers  of  sera  OB  CHEMOTACTIC  ACTIVITY  IB 
SEB-HUMAN  SERUM  MIXTURES . 


reciprocol 

TITERS 

EGA  TITER 

ACTIVITY 

AFTER 

IgM  ANTIBODY 
BY  G-200 

Hemagglutinin 

Precipitin 

Vg/ml 

neutralized 

INCUdA. 

LlUiN 

r\n\TAO 

37  C 

0  c 

SEPARATION 

Ja 

5120 

0 

0 

+,+i/ 

- 

01 

2560 

0 

0.5 

+,+ 

“ 

Jo 

10000 

4 

2.5 

+  >+ 

+ 

Sh 

5120 

4 

2.5 

+  ,+ 

+ 

Di 

5120 

8 

6.0 

+  >+ 

+ 

Ha 

2560 

8 

2.5 

+ 

Ty 

1280 

2 

2.5 

+ 

Ku 

10000 

8 

3.0 

5 

+ 

a.  +  =  Significantly  greater  than  controls; 


no  significant  difference 


Summary.  Part  II: 

genelS  "rreri^-SEf “  (1)  ISfcractiorr/sS'on  i'speclal 

serum  substrate;  (2)  cumbluation  of  SEB  ulth 
(3)  fragmentation  of  SEB  by  some  serum  enzyme  or 

an  active  breakdown  product.  Studies  ^  g_25  _50  and  -75 

labelled  SEB  and  serum,  chromatographed  on  Sephadex  , 

columns,  gave  no  evidence  to  support  the  last  2  hypotheses. 

Progress ,  Part  III : 

Effect  of  SEB  on  Macrophage  Migration.  It  has  been 

s;e-:iSuritf;irrfabbTs!rFu^t^^^^^ 

S°”dftoxiua/”lEr»d  eLotoxS  tave 

iLS/aririr^ranra  r^fri  tbe 

iirra^i:-o/;LirearraS:;bS3'frrcapfi;srkL  :L;  appui  to 

the  study  of  SEB  and  endotoxin.  This  technique  offers  the  obvrous 
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advantage  of  vitro  manipulation  of  the  variables  and  allows  the 
comparison  of  mixed  peritoneal  populations  with  purified  macrophages. 

The  results  are  expressed  as  per  cent  of  the  area  covered  by  cells 
migrating  from  test  capillaries  compared  with  that  of  cells  from  the 
same  animals  in  capillaries  with  no  toxin  added.  Most  of  the  data  reflect 
the  average  of  4  tubes  in  2  separate  plastic  petri  dishes.  In  multiple 
duplicate  controls,  using  one  cell  preparation,  there  is  < 1  chance  in  30 
that  the  average  migration  of  one  petri  dish  (2  capillaries)  will  fall 
below  80%  of  the  migration  of  the  average  of  all  of  the  control  tubes  in 
that  experiment.  Based  on  this  observation,  a  migration  that  averages  75% 
or  less  of  the  control  is  considered  to  be  significantly  inhibited. 

Table  III  summarizes  the  data  from  adult  animals.  The  mean  values  show 
a  typical  dose  response  curve  with  inhibition  occurring  at  a  concentration 
of  0.1  hg  SEB/ml.  The  number  of  animals  responding  with  significant 
inhibition  at  each  concentration  is  also  tabluated.  At  100  ug/ml,  16  of  22 
animals  tested  responded  with  migration  ^  75%  of  that  of  the  controls.  A 
typical  dose  response  curve  is  shown  in  the  last  column  of  the  table.  The 
macrophages  from  some  animals  fail  to  respond  to  even  100  yg/ml,  and  a  rare 
animal  will  respond  to  as  little  as  0.01  yg/ml.  All  animals  were  negative 
for  antibody  to  SEB.  Thus,  prior  immunization  does  not  account  for  the 
variability. 

TABLE  III.  EFFECT  OF  SEB  ON  THE  MIGRATION  OF  GUINEA  PIG  MACROPHAGES 


AMOUNT 

SEB 

yg/ml 

<  75%  OF  CONTROL 

No. /Total 

% 

OF  AREA  OF  CONTROL 

MIGRATION 

Mean 

Range 

A  Typical 
Dose  Response 

100 

16/22 

55 

20-118 

20 

10 

13/18 

64 

28-116 

28 

1 

11/17 

66 

40-97 

40 

0.1 

9/16 

73 

45-95 

45 

0.01 

1/10 

86 

72-98 

90 

0.001 

1/7 

99 

75-130 

Table  IV  gives  similar  data  for  endotoxin.  Fewer  animals  have  been 
tested,  but  it  is  apparent  that  using  a  single  lot  of  Escherichia  coli 
endotoxin  inhibition  is  observed  consistently  only  at  a  concentration  of 

100  yg/ml. 
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TABLE  IV. 

EFFECT  OF  ENDOTOXIN  ON  THE 
PIG  MACROPHAGES 

MIGRATION  OF 

PURIFIED  GUINEA 

AMOUNT 

<  75%  OF  CONTROL 

%  OF  AREA  OF  CONTROL  MIGRATION 

ENDOTOXIN 

ue/ml 

No. /Total 

Mean 

Range 

ro(,„.t± - 

100 

11/14 

53 

17-92 

10 

2/10 

83 

33-104 

1 

3/11 

87 

58-127 

0.1 

2/9 

87 

56-119 

0.01 

0/6 

97 

88-112 

0.001 

0/3 

100 

88-120 

The  next  set  of  experiments  was  designed  to  determine  the  site  of 
action  leading  to  the  inhibition  of  macrophage  migration.  Animals 
sensitive  to  bovine  gamma  globulin  (BGG)  were  used.  Both  mixed  populations 
and  purified  macrophages  were  tested.  The  separation  technique  employed 
yielded  99.9%  pure  macrophages  (by  morphologic  criteria).  The  cells  were 
not  inhibited  by  addition  of  BGG  to  the  medium  and  hence,  were  functionally 
pure,  since  the  only  known  immunologic  mechanism,  mediated  by  sensitized 
lymphocytes,  for  inhibition  of  macrophage  migration  was  inoperative.  Bovine 
pancreatic  RNase  was  included  as  an  unrelated  basic  protein  control.  Only 
6  technically  acceptable  experiments  have  been  completed;  the  results  of 
these  are  presented  in  Table  V  (others  with  contamination,  low  cell  counts, 
etc.,  were  eliminated).  Although  these  studies  are  preliminary,  the  data 
suggest  a  dual  action  of  high  concentrations  of  SEB  in  this  system.  Though 
inhibition  is  not  as  marked  with  purified  cells  as  in  mixed  populations, 
it  is  markedly  greater  than  control  values,  suggesting  that  SEB  acts  both 
directly  on  macrophages  and  also  on  some  cell  in  the  peritoneal  exudate, 
which  in  turn  augments  the  inhibition  of  macrophage  migration.  In  5 
experiments  using  a  purified  macrophage  population  and  concentrations  of 
less  than  100  yg  SEB/ml,  no  inhibition  has  been  demonstrated.  Although 
the  available  data  do  not  rule  out  a  modest  inhibition  by  a  negatively 
charged  protein  such  as  RNase,  it  seems  clear,  by  comparison  of  results, 
that  the  negative  charge  per  se  does  not  account  for  the  action  of  SEB. 

In  other  preliminary  experiments,  using  the  macrophage  migration  system, 
it  has  been  found  that;  (1)  cells  from  an  adult  female  guinea  pig  are  more 
sensitive  to  SEB  than  are  the  macrophages  from  her  new-born  young,  and  (2) 
cells  from  immunized  animals  are  more  sensitive  to  SEB  than  those  from 
unimmunized  animals. 
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TABLE  V.  EFFECT  OF  SEB  AND  ENDOTOXIN  ON  MIXED  AND  PURE  MACROPHAGE 
MIGRATION 


%  OF  AREA  OF  CONTROL  MIGRATION 


ANIMAL  NO. 

SEB 

100  ^g/ml 
Mixed  Pure 

ENDOTOXIN 
100  yg/ml 
Mixed  Pure 

BGG-Sensitized 
20  yg/ml 
Mixed  Pure 

RNase  Control 
200  yg/ml 
Mixed  Pure 

1 

21 

37 

- 

- 

45 

110 

- 

- 

2 

36 

61 

36 

- 

48 

89 

96 

- 

3 

39 

77 

35 

66 

58 

93 

88 

99 

4 

54 

42 

40 

77 

44 

92 

92 

88 

5 

31 

105 

38 

102 

45 

108 

74 

98 

6 

22 

52 

- 

- 

41 

102 

60 

- 

Mean 

34 

62 

37 

82 

47 

99 

82 

95 

Experiments  of  similar  design  are  being  initiated  with  rabbit 
macrophages • 

Summary.  Part  III; 

SEB  has  been  found  to  inhibit  the  migration  of  macrophages  from 
capillary  tubes.  Results  of  work  reported  suggest  a  dual  action  of  SEB. 

At  high  concentrations,  it  acts  on  the  macrophage  itself,  while  at  lower 
concentrations  inhibition  of  macrophage  migration  of  SEB  must  be  augmented 
by  its  action  on  some  other  cell  in  the  peritoneal  exudate.  The  action  o 
SEB  on  the  macrophage  in  vitro  is  not  due  to  its  negative  charge  £er  £e. 

At  high  concentrations,  the  action  of  SEB  is  not  mediated  through  the  known 
immunologic  mechanism  of  inhibiting  macrophage  migration. 

Cells  from  new-born  animals  are  less  sensitive  to  SEB  than  cells  from 
older  animals.  Specific  immunization  increases  the  sensitivity  of  cells 
to  SEB. 
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Description: 

Detemlne  the  feaslhllity  o£  using  induced  P-it„neal  eosinophilia  as 
an  assay  of  antigen-antibody  complexes  in  body  flui  . 

Progress : 

After  establishing  the  baseline  IrLa^rd"'" 

guinea  pigs,  attempts  ®  fell  to  baseline  1  week  after  the 

that  eosinophil  counts  m  mo  unable  to  confirm  this  observa- 

last  injection  of  el  cavity  once  or  twice  weekly  for  2 

:re"h;  f^^oiSg'tL^SfhLrcrariiiLtio^n  faned  to  produce  a  satis- 
factory  baseline. 

f-  arlflprl  a  3rd  week  of  wash  and  included  an  injection 
The  next  experiment  added  a  ^rd^weex^^ 

of  balanced  salt  solution  (  „!-  and  to  be  able  to  use  each  animal  as 

hoped  to  reduce  the  background  ur  i  antigen-antibody  complexes  as 

his  own  control  by  experiment  involved  20  animals;  6 

a  per  cent  of  the  ’  5  controls,  and  4  animals 

BSS  controls,  5  antigen  controls.  Analysis  of  the  data  by 

receiving  antigen- antibody  comp  removed,  the  total  number  and  per  ^ 

determining  the  total  number  eomparison  with  values  the  previous  weeks 

re:;o:;L“hrd''ci:prd'':v;rr4  co„fr=X  and  sufigeu-ahfiboay 

complex  groups. 

•  .Pi-  1-he  animals  were  washed  daily  starting  24  hr 
In  the  next  experiment,  the  anima  number  of 

:^riLrhns"ro:S=;„S'!::i“  reVeau  background  count  .  2  SD 
(8.7  X  10^  eosinophils). 

pour  hours  later,  animals  were  c^aUenged  with  ^e  test 

24  hr  peritoneal  cavity  was^washed,  the  «ta 

“rTSS^l"  r antiser„  had  240  b.  -^-tibody  h/ml.^  Ihe  complexes^^  ^ 
were  made  in  antigen _ excess  U-3x) .  bach  te.r  .  _  - 


SU  SUDt>  LcLiii-C  wo-o  - 

- ^  “  increase  of  >  2.5  x  lO*^  eosinophils /over  the  background 

ioSwefed^r;ositive^response.  thelr^numbers^^^^ 

co^piLi;  werfporitive.  None  of  the  antigen  or  antibody  controls. 


No.  Positive/Total 

with  increase  12/20 

r,  ir  1  1  /Q  U//  u/  XT 
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TABLE  I.  EOSINOPHIL  RESPONSE  TO  ANTIGEN-ANTIBODY  COMPLEXES  AND  CONTROLS 


"niivincr  tlll0  COU1^S0  of 

of  9  BSS  confrolo  gave  a  jrsrrr ion” alnlng  appvoainately 

these  experiments  an  “^“'’^““"‘“rattempt  to  test  the  lower  limits  of 
60  pg  of  antibody  »/ml  “as  used  in  an  attemp  ^  y, 

the  Sensitivity  of  the  P^ahnique  Tle^ „a3 
at  4  C,  2  of  3  controls  ^ana  a  pos  prolonged  storage,  hew 

interpreted  as  resulting  r  ^ discouraging,  however,  as  t  e 
antiserum  is  being  collect  ■  -■  _  ,  ,^atil,ody  complexes  using  thi 

result  that  only  2  of  7  Msts  of 

antiserij.ra  gave  posit. lv-  rL.,-.u  .  • 

^  1  -  i-f  ifif  been  confirmed  by  tnese  results,^ 
Even  though  the  concepts  o-  assay  is  doubtful.  Lxtt  s 

the  utility  of  the  present  tec  u  .ar,t-i'hodv  was  needed  to  give 


the  utility  of  the  presen  "  ^  of  antibody  was  need..  “  ^ „ 
previous  work  indicated  a  Ltrge  ci  ^he  smaller 
positive  results.  fhore  is  .  -,nS  ■:  n  hndv  fluids  wil  .  g 


.esti.ic  - I6,xef  trbe°^und  in  body  fluids  will  give 

a^nounts  of  antigen-antibody  complexes  and 

roriti::  rorirs^:;e  ;htfi:;od  o„iy  toi  of  the  t  ime. 

Attempts  to  modify  the  11  brusTritrers'inophrifin 

rfsrare-  anffge:rnrfSf;’c'omplexes  have  been  unsuccessfnl  to  date. 


Summary:  . 

■  ■  larao  amouut  of  antibody,  the  eosino 

Using  an  antiserum  containing  ®  ^  complexes  have  been  confirmed, 

philotactlc  properties  of  “«;f"--“;:a;  10^00x010x00  in  body  fluids  is 
!:;:atro1ed!  irptrmipl  :;re1e„sltlve  ,,  yVd.  -bniqne  have 
been  unsuccessful. 
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24.  (U)  After  producing  appropriate  antisera,  attempt  to  detect  circulating  or  tissue- 
fixed  antigens  early  in  infection  by  immunological  and  immunochemical  techniques. 

Explore  by  chemical  methods  the  possibility  of  detecting  specific  nonantigenic  metabo  c 

products. 

25.  (U)  68  07  -  69  06  -  Hemagglutination  techniques  using  (1)  antibody  sensitized  red 
blood  cells  for  detection  of  small  quantities  of  circulating  pneumococcus  antigen  or 
(2)  antigen  sensitized  cells  for  quantitation  of  antibodies  from  imnunized  animals  have 
been  developed.  Technical  difficulties  with  tanned  cells  have  delayed  studies  on  serial 
blood  san5>les  from  infected  animals  for  detection  of  circulating  antigen.  Factors 

iffecting  stability  of  tanned  cells  are  being  investigated. 
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body  of  report 


P.03ect  «c.  1B662706.096:  Me.ical  Defense  Aspects  of  Bioloslcal  Agents  (U) 
PesA  »o.  fBB62706A09e  03:  BaBoratot,  xaentfff cation  of  Biological  Agents 

won.  Onit  .o.  OOe  03  103: 


Description; 

Develop  more  rapid,  ic  ^^ig^ic  and  metabolic 

trtrif  tirrtr«  SS^AtlP  iS  infection. 

Progress; 

infefuof:s°th:"r;sre::  ;:LfBe:i“crtiruS“ut“n  slowed  pace, 

owing  to  personnel  changes. 

1/  >neT  of  technical  problems  were  encountered 

As  reported  last  year,-  a  ^  ^  antibodies  in  a  hemagglutin- 

in  studies  using  lateK  P«“"ae=  sensitized^ith_^^_ 

ation  (HA)  test  to  ^^ent  to  another  and  unaccounted-for, 

“pfnSn:rust:iu™ation  frequently  occurred  in  control  tests. 

In  view  of  the  above,  a  suitable  substitute  ^“^letex^P^^^^^^^ 

been  sought.  Direct  sensxtxzatx  chemical  methods  used  by  others 

ir cruplfng  ff^^'rorifs^fo^ed  blood  cells  (RBC)  were  examined  and  also 
found  not  to  be  useful  in  our  system. 

Although  original  «ials  ^o  sensitize  tanned^^^^  a'lanned 

hyperimmune  antiserum  had  not  been  succ 
cell  system  was  reexamined. 

Hyperii-iuna  antiserum  was  fractlonated^by^2  mcthods^^^(l)^D^^^ 

Chromatography  and  (2)  4  P  fraction  than  the  crude  precxpxta- 

rr-tLratre^rtnncL^^^^^^^ 

frfcSn  “a^pLre^  ro'‘re^n^;esfa:y^frr“est  sensitization  of  tanned  cells. 

Titrations  of  Paa™°“ccus  culture  filtrates  antiserum  were 

sensitized  with  507.  (™4)  2^04  fradtio^  of  a«ipn^_^ .  ^  „are 

^rrriantities  of  poly s ucchar xde . 
nanogram  quantxcxes  ui.  p  j 
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Initial  in  vivo  studies  were  very  encouraging.  Samples  of  plasma 
taken  from  injected  animals  as  early  as  12—16  hr  after  infection  with 
approximately  200  pneumococci  gave  a  positive  HA  test  with  antibody 
sensitized  cells.  The  preinfection  control  samples  from  all  animals  were 
negative.  The  titer  of  the  serial  samples  from  test  animals  increased 
with  time  postinfection. 

Unfortunately,  before  these  critical  in  vivo  tests  could  be  extended 
and  repeated,  the  HA  test  went  completely  out  of  control.  All  tanned  cell 
preparations  showed  consistent,  spontaneous  agglutination. 

Since  there  had  been  no  change  in  batches  of  tannic  acid,  buffer 
system  or  other  reagents,  circumstantial  evidence  points  to  some  change  in 
the  sheep  cells.  An  investigation  revealed  that  donor  animals  had  been 
bled  with  unusual  frequency  recently .  This  may  affect  the  stability  of 
the  cells.  Another  factor,  that  of  the  physiological  changes  associated 
with  the  estrous  cycle  of  the  female  sheep,  is  also  being  investigated  as  a 
possible  factor  involved  in  the  variation  observed.  Hopefully,  the  source 
of  this  variation  will  soon  be  pinpointed  and  controlled. 


In  other  studies,  we  have  developed  a  technique  for  sensitizing  RBC 
with  pneumococcus  polysaccharide  from  crude  culture  filtrates.  A  HA  test^ 
using  antigen-sensitized  cells  has  proved  useful  for  titration  of  antibodies 
in  serial  bleedings  from  immunized  animals ,  and  appears  to  be  more  sensitive 
and  more  easily  quantitated  than  the  previously  used  quellung  reaction  and 
precipitin  tests. 

The  possibility  of  using  the  HA  inhibition  test  for  detection  of  antigen 
is  being  explored. 


Sximmary; 

Hemagglutination  techniques  using  (1)  antibody  sensitized  RBC  for 
detection  of  small  quantities  of  circulating  pneumococcus  antigen  or  (2) 
antigen  sensitized  cells  for  quantitation  of  antibodies  from  immunized 
animals  have  been  developed.  Technical  difficulties  with  tanned  cells  have 
delayed  studies  on  serial  blood  samples  from  infected  animals  for  detection 
of  circulating  antigen.  Factors  affecting  stability  of  tanned  cells  are 
being  investigated. 
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Fluorescent  antibodies; . 

!^;n^!\rs:l;Lrroire^ted"ry"arir^^  air  sampling  devices.  Employ  these  methods 

to  examine  clinical  materials  whenever  applicable. 

24.  (U)  Reinvestigate  the  usefulness  of  in  the  living 

:L^:rd:i:ior-rh:df^^  microcomnies  for  confirmatory  studies 

25.  (U)  68  07  -  69  06  -  The  •  eation^orrnumber''TLmmLly 

described  and  used  for  rapid  staphylococci,  streptococci,  etc.) 

encountered  bacterial  species  {_sc  e  ■—  as  Pasteurella  tularensis, 

has  not  proved  useful  25  modifications  of  basal  medium  and  technique 

living  vaccine  strain.  Of  the  m  e-owth  of  this  organism  in  microculture, 

none  yielded  significant  enhancement  of  growth  ot 


Work  on  this  project  has  been  temporarily  discontinued. 
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Medical  Defense  Aspects  o£  Biological  Agents  (U) 
Laboratory  Identification  of  Biological  Agents 
Rapid  Identification  of  Bacterial  Agents  by 


Description:  ^ 

Develop  more  rapid  air  sampling  devices. 

^R:ri:rSe:rrtboLTo^e:LSi"cIinicaI  ^atenals  obenever  applicable. 

A  microculture  procedure  and  ^  ication  of^ certain  bacterial 

plating  technique  Jith  the  model  system  used,  after 

species  were  described  prevxously Wrtn^  transferred  to  a  number  of 

in  microculture,  to  clean  slides  (without  growth  medium)  for 

additional  staining  techniques. 

fluorescent  antibody  and  other  staining  h  Pasteurella 

tnla^:”oS^orbnr:f^ 

iS^nral  3S^onrsSrabL"frr=  of  otber  both  gr.  negative  and 

positive  species.  _ 

e  P  tularensis  (LVS)  as  a  model,  studies 
Employing  the  vaccine  °  toward  attempts  to  modify  the 

during  the  current  year  have  e  stimulate  growth  from  small  inocu  a 

techniques  developed  in  such  a  way  as 

of  this  organism.  hlood-free 

For  the  required  -i-°f-Pj^^/,rirrre:sflt't;d"  -  a  basal 

medium  is  essential.  ^  me^ 
medium  for  modification.- 

f:  li-h  factors  and  other  substances,  known  to  affec 

A  large  variety  of  for  their  effect  on  time  of  _ 

bacterial  metabolism  on  the  usual  culture  plates  and  m  micro 

=?“c“oLrfrnr:f°inriabrof also  vafied. 

Despite  a  concentrated  effort  over^the^perlod^of ^al«ost^6 ^months 

satisfactory  solution  to  the  .^^^Pons  and  concentrations  (including 

substances  s  tudied  in  varying  cultures  in  various  phases  of 

Tr^S  XwLre^trd^rrifod'prodiS:  .  anyway  sti«nlated  tbe  gro«b  of 


KTnnd  the  29-hr  incubation  period  required  for 
small  inocula.  Even  with  ^ood  the  29 

observable  colonies  was  reduced  y  Y 

During  the  course  ^hese  studies,  f ecttd  the  growth  of  this 

:iranii^  'irfhrorlgSal  b:s:i  Ldiu».  This  observation  has  been  calle  to 
the  attention  of  the  manufacturer. 

in  view  of  these  very  disappointing  results,  work  on  this  project  has 
been  temporarily  discontinued. 

Summary : 

1-  ",^1  technique  previously  described 

The  microculture  and  replica  ^  ^  of  a  number  of  commonly 

and  used  for  rapid  Isolation  and  ^  3„ap.  ,  etc.)  has  not  proved 

encountered  bacterial  species  /  tularensis  LVS  strain.  Of 

useful  and  slower  Showing  organisms  such  as  and  tectalque  none  yielded 
the  more  than  25  modifications  of  f  “  a„lsm  In  microculture, 

significant  enhancement  of  growth  of  this  orga 

Work  on  this  project  has  been  temporarily  discontinued. 
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(U)  Newcastle  disease  virus;  (U)  Vesicular  stomatiti; 
virus:  fUl  Antiviral  activity:  (U)  Interferon  - - - - 

«.  TICNNICAL  ORicmVR.*  ti  ARPROACN,  !».  RRO«R««  fFW—  l-RWO-l  p«.4npAt  htmlllM  mmh».  »..«  •<  wl«  (.curtlr  CI—IRcU- 

23  (U)  Develop  tests  for  use  in  rapid  diagnosis  of  viral  diseases. 

24  (U)  Produce  an  interferon  of  tissue  culture  origin.  The  interferon  is  to  be  studied 
for  its  antigenic  properties,  and  attempts  made  to  detect  its  presence  by  a  suitable 
serological  method  employing  specific  antibody. 

25  (U)  68  07  -  69  06  -  Soluble  antiviral  activities  were  not  obtained  when  the  continu¬ 
ous  monkey  kidney  cell  line  LLC-MK-2  was  exposed  to  live,  or  ultraviolet  light  treated 
influenza  virus  PR8,  or  Newcastle  disease  virus  (NDV),  designated  AF  (NDV-AF).  Cumu¬ 
lative  results  suggest  that  this  cell  line  may  be  defective  in  its  capacity  to 
synthesize  an  interferon. 

L  cells  (clone  929)  from  two  sources  (SI,  S2)  exposed  to  NDV,  strain  Bl,  yielded 
processed  tissue  culture  fluids  containing  possible  antiviral  activity  toward  2  strains 
of  vesicular  stomatitis  virus  (VSV)  in  a  plaque-reduction  bioassay.  The  bioassay  pro¬ 
cedure  was  not  entirely  satisfactory  in  one  L  cell  source  S2,  since  the  challenge  VSV 
was  not  consistently  plaqued  in  maintenance  medium  (MM)-treated  control  L  cell  (S2) 
nonolayers.  L  cell  monolayers  (S2)  treated  with  high  dilutions  of  the  presumptive 
interferon  containing  fluids  tended  to  reverse  the  inability  of  VSV  to  yield  plaques  in 
(IM-treated  L  cell  (S2)  monolayers,  in  several  bioassays. 

VSV  plaqued  satisfactorily  in  L  cell  (SI)  monolayers,  but  this  source  failed  to  pro¬ 
duce  significant  antiviral  activity  following  exposure  to  NDV-AF. 

Attempts  to  improve  the  plaque-reduction  bioassay  procedure  by  employing  selective 
L  cell  monolayers  is  planned,  as  well  as  attempts  to  produce  and  assay  a  neutralizing 
intibody  for  the  putative  interferon. 


W^Awmltmbl0  to  eontrmetoeo  upon  oriBkftot^o  ARprowl. 
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Medical  Defense  Aspects  of  Biological  Agents  (U) 

Laboratory  Identification  of  Biological  Agents 

Development  of  Tests  for  Early  Identification 
of  Viral  Diseases 


Description: 

Develop  tests  for  use  in  the  rapid  diagnosis  of  viral  diseases. 
Progress : 

studies  were  continued  in  an  attempt  to  develop  a  readily  available 
source  of  an  Inf  rf  ron  for  use  in  eKperl„e„ts  to  examne  its  inherent 

antigenicity . 


Attempts  to  induce  an  interferon  in  LLC-MK2  cell  monolayers 


In  con- 


secutive  trials  to  examine  possible  interteron  inducers  in  ^^-^2  => 

f flfadffff oI  fflf  fife  ffflfitls  (VEE)  when  assayed  by  a 

fyfpathic  inhibition  test  .  The  f fo?  and 

iSifff Lfrelffffolf ffofff f fof in.  „as  used  per  tube  culture 
of  LLC-MK2  cells. 

u  cxf  Tir-MVc  cells  to  Newcastle  disease  virus  (NDV)^ 

•^^r^^LItioJ^Ar(OTV-AF)  did^not  result  in  the  production  of  virus- 
inhtbitJrglub^strncfs  is  measLed  against  a  challenge  with  the  New  Jersey 
strain  of  vesicular  stomatitis  virus  (VSV)  . 

The  results  of  these  studies  as  well  as  previous  . ... 

..  f lod  UEF  virusl/  SUEKest  that  the  LLC-MK2  cell  line  may  be  deficient 

LSffhfefoffI :: fllfb  «  Ipufflterferof^ 

some  experimental  evidence  -s  obtained  by 
that  LLC-MK2  cells  may  not  „  appeared  that  U.C-MK2  cell 

iroffinuflfifs  If  ^exposure  to  ellher  live  or  OV-treated  influenta 
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virus  PR8,  and  particularly  following  NDV-AF,  were  afforded  some  degree  of 
protection  subsequent  to  a  challenge  with  attenuated  VEE  virus  . 

Production  of  a  supposed  interferon  in  L  cell  monolayers  and  some 
observations  concerning  its  bioassay  by  the  plaque-reduction  method . 

Cells.  L  cells  (clone  929)  from  two  sources  grown  as  monolayer 
cultures  were  used.  One  line  was  supplied  by  the  Physical  Defense  Division^ 
Fort  Detrick.  These  L  cells  were  originally  obtained  from  Microbiological 
Associates,  Inc.,  (Bethesda,  Md.)  9  months  prior  to  our  use  and  had  been 
passaged  every  5th  day.  These  cells  are  designated  L  cells  (SI). 

Clone  929  L  cells  were  obtained  from  the  American  Type  Culture 
Collection  (ATCC),  and  are  designated  L  cells  (S2)  . 

Medium.  The  growth  medium  used  principally  was  medium  199  and  10% 
fetal  bovine  serum  (FBS)  .  L  cells  (S2)  were  also  grown  in  medium  199 
with  15%  calf  serum  (CS)  .  The  maintenance  medium  consisted  of  medium  199 
with  either  47o  FBS,  or  47o  CS  . 

Tissue  Culture.  A  confluent  L  cell  (SI)  monolayer  was  dispersed  with 
0.25%  trypsin  solution,  centrifuged  at  room  temperature,  and  the  cells 
passaged  to  5-75  cm^  plastic  tissue  culture  flasks  (Falcon),  or  to 
10-25  cm2  plastic  tissue  culture  flasks  (Falcon). 


L  cells  (S2)  monolayers  were  generally  dispersed  with  a  0.1% 
trypsin-versene  solution  in  saline  A,  centrifuged  at  4  C,  and  passaged 
to  5-75  cm2  flasks  or  10-25  cm2  flasks.  With  an  initial  input  of  10°-^ 
cells  per  flask,  confluent  cell  sheets  were  obtained  after  incubation  at 
37  C  in  3-4  days;  at  which  time  each  culture  contained  approximately 
108 . 2  cells  . 


The  75  cm2  flasks  were  generally  used  for  exposure  to  Newcastle  disease 
yirus  after  3-4  days,  and  the  25  cm2  flasks  were  used  in  the  plaque-reduction 
method  for  bioassay  of  putative  interferon  fluids  after  24  hr  at  37  C. 

Viral  stocks  and  titrations.  Newcastle  disease  virus,  was  obtained 
from  the  VR  Division,  Fort  Detrick.  A  designation  for  this  strain  is 
NDV-AF.  The  titer  of  NDV-AF  was  10^  plaque  forming  units  (PFU)/ml  when 
assayed  in  chick  embryo  monolayers .  NDV,  strain  B1  (NDV-Bl)  from  the  ATCC 
was  propagated  in  10-day-old  embryonated  eggs;  allantoic  fluids  collected 
after  incubation  at  35  C  for  48  hr  were  pooled,  centrifuged  at  1400  x  ^ 
for  20  min,  dispensed  in  small  volumes,  and  placed  at  -56  C.  The  virus 
preparation  titered  >10^  median  lethal  doses  (ELD5q)/0.2  ml. 

Vesicular  stomatitis  virus  (VSV),  New  Jersey  strain  was  obtained 
from  VR  Division,  Fort  Detrick.  VSV,  serotype  Indiana,  was  supplied  by 
the  ATCC.  Both  VSV  strains  were  propagated  in  chick  embryo  cell  mono- 
layers.  VSV-New  Jersey  titered  7.85  X  106  PFU  in  L  cells  (SI),  and 
VSV-Indiana  yielded  1.3-1 .8  X  10^  PFU/ml  in  L  cells  (S2)  . 
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and  each  flask  was  washed  once  wi  inures  each  was  inoculated  with 

After  the  HESS  was  decanted  f  NDV-Bl.  Control  cultures 

either  5  X  106  PFU  NDV-AF  - ,,  37  C  for 
received  medium  199  solely.  Excess  inoculum  was  removed  and  each 

60  min  to  allow  10-ml  quantities  of  medium  199  were 

culture  washed  once  with  H  ,  at  37  C .  The  method 

added  to  each  flask.  All  flasks  were  incubated^at  37  C . 

is  similar  to  that  described  by  Youagner  et  ^._ 

C  r  .iMirp  fluids  to  eliminate  NDV.  In  one  ^ 

Acid  treatments  of  tiss_ — ^7-— "Xr^TTHFc d  nnd  adjusted 

method^  the  tissue  culture  ui  r-ratpA  HCl  After  6  days  at  4 

ro  PH  2.0  by  direct  .raU^^b;  di-i'adfitSn  of  In  or  5N 

the  fluids  were  adjusted  to  neutraiiiy  y 

NaOH.  These  fluids  were  stored  frozen  until  used. 

in  another  method,  the  tlssne  culture  f er 

24  hr  incubation  and  placed  into  dialysis  u  dialysis 

at  pH  2.2.  The  units  were  held  at  4  ^  7  {^^3  hate  buffered  saline 

bags  were  th^PES  was  subsequently  changed  at  24  and 

(PES),  pH  7.4,  and  held  at  ^ ^ led,  centrifuged  at  210  x  ^ 

48  hr.  Following  dialysis  the  flui  storage  at  -56  C.  The  resulting 

for  10  min,  and  dispensed  into  vials,  for  storage  at 

fluids  were  water  clear. 

fnv  -inrprfpron  3,4/  l  cell  cultures  were 
Plaque-reduction  assay  f  ^  processed 

is-rs^  ^cuifur^s  “  rSlis  -ays 

nufdL'\s5bro.nrrmouitrdauted"ln_m™s  added  to  the  flasks . 


ml  amounts  dilutee  lu  re,  - - „f  double 

After  1  hr  at  37  C,  5-ml  amounts  of  an  as«  „£ 

strength  medium  199  plus  final  concentrations  »£  rp 

penicillin,  100  pg/ml  of  streptomycin  and  1 /.^Nobles  ^ 

:“^a“lfg-net^r"  -d^In^ri^Lr^oncentra'tlon  of  1:17  000  was^a^^^^^ 

“fntfi-and  'era-  l‘--rLr“£Tu9aL”e^e^rot  oell  defined  earlier. 

Protein  determination.  Protein  was  estimated  with  the  Folin-Ciocalteu 
reagent,  using  bovine  plMma  albumin  as  a  standard.- 

p.-it.  of  attempts  to  Induce  an  Interferon  and  the  bloassay  of  ^ 
fluids  on  two  sources  of  L  cells. 


T  nc  fqii  Cells  from  this  source  were  grown  in  medium 
L  cells  (S,j^.  challenge  virus,  VSV-New  Jersey  was  plaqued 

FES.  In  4  experiments,  the  chali  §  ^  attempt  at  inter- 

successfully  in  ““'^^^^^’'^^hucer  did  not  yield  processed  tissue 

feron  production  using  NDV-AF  as  tin^  the  challenge  agent 

culture  fluids  (method  1)  capable  of  treated 

significantly.  Hence,  the  New  Jersey  plaqued  readrly  rn  MM 


„o„ola,e.s  .u.  Uc.a.ion  of 

::irs\“arer:ur‘rir^»i  irsfcci^Ll  wL„\,  3,  4,  a„4  5-4a.-oU  caua 

were  used. 

L-cells  (Sa-  Generally,  “®"®^/Jttronir*”  ‘’Slflncon- 

Indiana,  P^“5““„^\”°3uch  control  monolayers  did  not  permit 

sLStency  of  VSV  to  piaq  of  T  -NDV-Bl  processed 

critical  evaluation  o£  the  "“^^rn  ‘s:  ot  S  mediL  199  -t  iO. 

fluids  which  were  phosphate  broth  did  not  assist  the 

KBS  and  supplemented  With  10/.  '  ,  3  experiment,  the  absence 

plaquing  o£  VSV  in  MM-treated  monolayers.  In  one^e^P^ 

"appfaLr^o^iicr^rsrSSr'o^  JsV  plaques  in  the  M«-treated  cell 
cultures . 

in  4  bioassays  when  VSV  plaques^were^not^obtained^on  m 

L  cells,  plaques  lO'^)*  These  findings  suggest  that  tissue 

^rt:r:1l“dr:h<iLed“JoLLlls;^aposed^to™v-Bl^and^treated^ 

:;rarrnt\rahUit;  Slsv^ryretrdefinable  plaques  in  *-treated 
cell  cultures  . 

Despite  this  ^i““f  '^’3^po3e“;c"BDV-Bl  My'yield  procLsed  fluids 
rntatrirantie'r”  acrwi^y,  Lggestive  of  an  interferon. 

The  h-™v-Bl  fluid  prepared  ^ialysis  -s 
50  ue/ml  of  protein^  whereas  the  L 
detectable  by  the  Folin-Ciocalteu  reagent. 

1  i-  a-mc  Tn  an  attempt  to  enhance  their  immune  response 
Tmmunological  studies^.  ,.^...„c6/  ?4  hrs  prior  to  the 

"“"^nffoofpad  infections  of  ^he  L-NDV-Bl 
intraperitoneal,  then  ff  lowiig  a  reinjection  of  these 

fluids,  sera  were  obtarned  f “3  °bout  30  days  after  the 

fluids  by  the  subcutaneous  an  attempt  to  demonstrate  a  neutral- 

-fftremploying  such  sera  is  planned, 

Summary: 

A  soluble  antiviral  activity  mas  JjpJ"  ^^Uvr' 

tissue  culture  fluids  following  exposure  jge„castle  disease  virus  (NDV)  . 
influenta  PR8  GV-treated  influenta  Pf, 

The  possibility  that  this  c  ability  of  LLC-MK2  cells  to 

thesize  interferon  was  consi  e  .  however  may  not  be  impaired, 

demonstrate  an  interference  phenomenon,  however,  may 

o  fcn  «;?'>  were  used  in  attempts  to  produce 
L  cells  from  “ns  of  NDV.  Bioassay  of  the 

an  L  cell  interferon  inducible  by  2  strains 
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putative  interferons  was  performed  by  the  plaque-reduction  method 
using  2  strains  of  vesicular  stomatitis  virus  (VSV)  as  the  challenge 
agent . 

L  cells  (SI)  supported  the  plaquing  of  VSV-New  Jersey  in  maintenance 
medium-  (MM)  treated  L  cell  monolayers^  but  did  not  yield  tissue  culture 
fluids  containing  maximal  antiviral  activity  after  exposure  to  NDV-AF . 

Processed  tissue  culture  fluids  following  exposure  of  L  cells 
(Sl^  S2)  to  NDV-Bl  gave  suggestive  evidence  of  antiviral  activity  but 
the  assays  in  general  were  not  satisfactory  due  to  the  inconsistency 
of  VSV  to  plaque  in  MM-treated  L  cell  monolayers  (S2)  .  A  common  obser¬ 
vation  in  several  assays  was  that  high  dilutions  of  the  putative  inter¬ 
feron-containing  solutions  tended  to  reverse  the  inability  of  VSV  to 
yield  definable  plaques  on  L  cell  (S2)  monolayers.  Attempts  to  improve 
the  bioassay  procedure  by  a  selective  source  of  L  cells  is  planned. 

Fluids  possessing  suggestive  antiviral  activity  have  been  inoculated 
into  guinea  pigs  previously  injected  with  attenuated  VEE  in  an  attempt 
to  provide  an  antiserum  capable  of  neutralizing  the  putative  interferon. 

Publications : 


None  . 
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Description: 

Study  arbovirus  agents  in  purified  preparations^  separate  serological 
or  immunological  antigens  from  infectious  virus  particleS;,  and  separate 
group  and  specific  antigens  in  order  to  investigate  antigen-antibody 
complexes  in  concentrated  and/or  purified  forms. 

Progress  and  Summary: 

Personnel  have  recently  been  assigned.  Studies  are  planned  on  viral 
sub-units  with  evaluation  of  antigenicity.  These  studies  will  be  initiated 
in  the  near  future  when  essential  equipment  is  received. 

Publications : 
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cif  ,  -'iiscentible  host  after  exposure  to 
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Progress:  . 

•  nn  vitro  methods  for  measuring 

studies  have  continued  on  of  staphylococcal 
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toxin  preparations  are  in  progress. 
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vaccination.  Protection  bl(  din  s  indicated  that  hemagglu- 
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for  18  months  at  4  C  was  as  eff  challenge.  Ultracentrifuge  analysis 
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subcutaneously  with  2  doses  of  50  yg  N  (312  yg  protein),  given  at  a  4-week 
interval.  Antibody  response  to  immunization  (Table  I)  was  similar  to  the 
response  to  Lot  44.  After  a  single  injection  essentially  all  animals 
produced  BDB-HA  and  toxoid-precipitating  antibody,  but  only  25%  produced 
toxin-precipitins .  After  a  second  injection,  all  titers  increased  and  approx¬ 
imately  70%  of  the  animals  had  toxin-precipitins. 


TABLE  I.  ANTIBODY  RESPONSE  OF  MONKEYS  TO  IMMUNIZATION  WITH  SEB  TOXOID, 
LOT  87285  (36/GROUP). 


RESPONSE  TO  IMMUNIZATION 

AFTER  INITIAL  INJECTIONi' 

ANTIBODY 

TITRATION 

0  Week 

2  Week 

4  Week 

7  Week 

10  Week 

BDB-HA 

No.  positive 

0 

31 

35 

36 

35 

Median  titer 

Neg 

1:40 

1:80 

1:320 

1:320 

Toxoid 

No.  positive 

0 

32 

29 

35 

32 

Precipitin 

Median  titer 

Neg 

1:2 

1:2 

1:8 

1:4 

Toxin 

No.  positive 

0 

4 

10 

20 

25 

Precipitin 

Median  titer 

Neg 

Neg 

Neg 

1:1 

1:1 

a/  Immunization:  2  doses,  50  yg  N/dose.  1st  injection,  after  0  week 
~  bleeding;  2nd  injection,  after  4-week  bleeding. 


After  the  10-week  bleeding,  animals  were  challenged  with  SEB  at  doses  of 
10  or  300  yg/kg.  Response  to  challenge  as  compared  with  prechallenge  antibody 
titer  is  shown  in  Table  II.  BDB-HA  titers  were  not  a  satisfactory  index  for 
resistance  of  immunized  monkeys  to  SEB;  titers  of  animals  responding  to 
challenge  ranged  from  1:80—1:640,  whereas  titers  of  non— responders  ranged  from 
1:80-1:5120.  Protection  was  associated  with  precipitating  antibody.  The 
relative  contribution  of  toxoid-  and  toxin-precipitins  was  difficult  to 
evaluate  because  toxoid-precipitins  were  present  in  all  animals  that  had  toxin- 
precipitins.  One  monkey,  however,  that  survived  challenge  with  the  300  yg 
dose  of  SEB  had  only  toxoid-precipitins.  In  general,  magnitude  of  titer  was 
an  important  factor  in  assessing  the  significance  of  toxoid-precipitins,  but 
not  of  toxin-precipitins.  Animals  with  toxin-precipitating  antibody,  regard¬ 
less  of  titer,  showed  no  overt  response  to  challenge  with  10  yg/kg  and 
survived  challenge  with  300  yg/kg. 


TABLE  II. 


ANTIBODY  TITER  AND  OVERT  RESPONSE  OF  IMMUNIZED  MONKEYS  TO 
CHALLENGE  WITH  SEB. 


CHALLENGE 
DOSE 
(  yg/Lg) 


RESPONSE  TO  CHALLENGE 


_ BDB-HA 

Prechallenge 

Titer 


Toxoid 
Precipitin 
Prechallenge  R 
Titer  T 


Toxin 

Precipitin 
Prechallenge  R 
Titer  T 


1:80 

1/2 

Neg 

2/2 

Neg 

1:160 

1/3 

+ 

1/2 

+ 

1:320 

1/5 

1:1 

1/1 

1:1 

1:640 

1/4 

1:2 

0/4 

1:2 

>  1:640 

0/3 

>1:2 

0/8 

>1:2 

4/6 

0/4 

0/5 

O/I 

O/I 


300 


1:80  0/i 

1:160  1/3 

1:320  2/6 

1:640  0/4 

>1:640  0/2 


Neg 

+ 

0/1 

1:1 

1/1 

1:2 

2/3 

>1:2 

0/8 

Neg 

3/4 

+ 

0/2 

1:1 

0/5 

1:2 

0/5 

>  1:2 

0/1 

— ^  10  yg/kg 


_  Number  ill 

Number  tested; 


at  300  y  g/kg 


_  Nximber  dead 


Number  tested 


b/ 


+  =  Detectable  precipitin  but  too  weak  for  titration 


Toxoid  was  considerably  less  effective  than  toxin  in  evoking  antibody 
response  in  monkeys.  Table  III  summarizes  the  responses  of  monkeys  after 
challenge  with  SEB  at  10  yg/kg  by  the  intravenous  (IV)  and  respiratory  routes, 
The  animals  were  nonimmunized ,  survivor  controls  from  toxoid  evaluation 
studies.  No  toxoid-precipitating  antibody  was  produced  by  a  single  exposur 
to  SEB,  but  other  studies  indicated  that  these  antibodies  were  o  „t^b_ha 

approximately  50%  of  animals  after  several  exposures  to  higher  doses.  BD 
a^d  toxin-precipitin  responses  to  SEB  at  10  yg/kg  by  IV  route  were 

essentially  equivalent  to  those  following  immunization  with  2  doses  of 
50  yg  toxoid  N/dose.  Challenge  by  the  respiratory  route  was  much  less 
effective  in  stimulating  antibody  production. 


table  III.  ANTIBODY  RESPONSE  OF  MONKEYS  AFTER  IV  AND  RESPIRATORY  CHALLENGE 
WITH  SEE,  10  yg/kg. 


'  ’ 

response  to 

CHALLENGE 

9  Week 

6 

Week 

CHALLENGE 

ROUTE 

antibody 

TEST 

Pos. 

Total 

Median 

titer 

Pos . 
Total 

Median 

titer 

IV 

BDB-HA 

21/35 

1:10 

34/35 

1:320 

Toxoid 

Precipitin 

0/35 

Neg 

0/35 

Neg 

Toxin 

Precipitin 

16/35 

Neg 

19/35 

+£/ 

Respiratory 

BDB-HA 

5/18 

Neg 

10/18 

1:20 

Toxoid 

Precipitin 

0/18 

Neg 

0/18 

Neg 

Toxin 

Precipitin 

1/18 

Neg 

4/18 

Neg 

a/  +  =  Detectable  precipitin  but  too  weak  for  titratxon 


Attempts  to  potentiate  antibody  response  (TAB) 

rcirrr“!it”rtuiri:“aere\re  tb^^ 

=  — tfr  i^rrarp^^ 

rfsrrs  NrprnerairB^iA  anr^^/oi^^^^^^^ 

but  2  injections  were  usually  require  hemagglutinins,  and  toxin- 

higher  doses,  ^j^nranimtls  within  4  weeks.  Combination  of 

?okrif“th  fdruirt  i=  nndfrln^estigation  at  Chas.  Pfiser  4  Co..  Inc. 
(Contract  No.  DADA  17-68-C  8079) . 

Analysis  SKrS-^ogic"fluiL''^d  Jor^complrlng^’"''^""^ 

antLenfc'aSvitro/various  preparations  of  enterotoxins  A  and  B. 

HA  inhibition,  double  diffusion  f"8le  difWon  in^agar^gel^were__^^ 

equally  sensitive  for  detecting  SEE  in  biologic  iiu 
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be  detected  In  monkey  or  rabbit  plasma.  Time  of  appearance  and  duration 
of  circulating  SEB  appeared  to  be  related  to  dose,  route  and  outcome  of 
challenge.  Circulating  SEB  was  present  from  15  min-5  hr  after  challenge 
of  one  monkey  that  survived  a  dose  of  400  ug/kg;  in  another  monkey  that 
succumbed,  no  circulating  SEB  was  found  after  1  hr. 

Procedures  for  comparison  of  crude,  partially  purified,  conjugated  or 
polymerized  enterotoxin  are  being  evaluated.  Survey  of  available  sera 
indicated  that  hyperimmunization  with  purified  SEB,  Lots  14-30  or  14-31  R, 
stimulated  production  of  4-5  antibodies  reacting  with  antigens  other  than 
SEB.  These  antibodies  appeared  only  after  multiple  exposures  to  high 
concentrations  of  SEB.  Procedures  are  not  yet  available  for  identifying 
the  antigens  that  may  be  responsible. 

Summary : 

Vaccinated  monkeys  that  received  the  initial  lot  of  formalin-treated 
SEB  toxoid  showed  no  significant  decrease  in  circulating  antibody  or  in 
protection  against  challenge  throughout  the  course  of  1  yr.  The  toxoid 
maintained  immunogenicity  for  at  least  18  months  when  stored  at  4  C. 
Physical,  electrophoretic,  serologic  and  immunogenic  properties  of  a  new 
production  lot  of  toxoid  were  essentially  the  same  as  those  of  the  initial 
lot. 


In  monkeys  immunized  with  toxoid,  BDB-HA  titers  were  not  a  satisfactory 
index  of  protection  against  SEB.  Toxin  precipitins,  regardless  of  titer, 
and  high-titering  toxoid  precipitins  were  clearly  associated  with  protection. 

Toxin  injected  intravenously  was  considerably  more  effective  than 
toxoid  in  stimulating  antibody  response,  but  respiratory  exposure  to  toxin 
was  less  effective.  Potentiation  of  the  activity  of  toxoid  by  altering 
dosage  or  Immunization  schedule,  by  addition  of  adjuvant,  or  by  combination 
with  other  vaccines  is  under  investigation. 

Studies  were  initiated  to  Investigate  techniques  for  detecting  SEB  in 
biologic  fluids  and  for  comparing  antigenic  activity  of  a  variety  of 
preparations  of  enterotoxins  A  and  B. 

Publications : 


None . 
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APPENDIX  A 

U.  S.  ARMY  MEDICAL  RESEARCH  INSTITUTE  OF  INFECTIOUS  DISEASES 

GUEST  LECTURE  SERIES 

DATE  GUEST  LECTURER  TITLE  OF  PRESENTATION 

26  Sep  68  Captain  Elgin  C.  Cowart,  Jr.,  MC,  USN  A  Historical  Review  of  the 
Curator  of  the  Medical  Museum  Development  of  the  Armed 

Armed  Forces  Institute  of  Pathology  Forces  Medical  Museum, 

Washington,  D.  C. 

10  Oct  68  Dr.  Aaron  D.  Alexander  Leptospirosis  and 

Chief,  Veterinary  Microbiology  Div  Melioidosis. 

Walter  Reed  Army  Institute  of  Research 
Washington,  D.  C. 

21  Nov  68  Lt  Colonel  Robert  J.  T.  Joy,  MC 
Chief,  Medical  Research  Div 
U.  S.  Army  Medical  Research  and 
Development  Command 
Washington,  D,  C. 

12  Dec  68  Colonel  Robert  Altman,  MSC 

Executive  Secretary,  Armed  Forces 
Pest  Control  Board 
Washington,  D,  C. 

6  Feb  69  Dr.  Harry  M.  Meyer,  Jr.  The  Rubella  Vaccine  Story. 

Chief,  Laboratory  of  Viral  Immunology 
Division  of  Biologies  Standards 
National  Institutes  of  Health 
Bethesda,  Maryland 

13  Mar  69  Dr.  Ronald  A.  Ward  African  Trypanosomiasis. 

Department  of  Entomology 

Walter  Reed  Army  Institute  of  Research 

Washington,  D.  C. 

10  Apr  69  Dr.  Kevin  Barry  Prevention  and  Treatment 

Chief,  Department  of  Renal  Research  of  Acute  Renal  Failure. 

and  Director  of  Medical  Education 
Washington  Hospital  Center 
Washington,  D.  C. 

8  May  69  Captain  R.  C.  Atkinson,  USN  An  Overview  of  Marine 

U.  S.  Naval  Oceanographic  Office  Sciences 

Washington,  D.  C, 


Highlights  of  Medical 
Entomology  for  1968. 


Application  of  Physiology 
to  Military  Problems. 
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U.  S.  ARMY  MEDICAL  RESEARCH  INSTITUTE  OF  INFECTIOUS  DISEASES 
PROFESSIONAL  STAFF  MEETINGS 


DATE 


LECTURER 


20  Sep  68  Captain  Robert  S,  Pekarek,  MSC 
Physical  Sciences  Division 

Captain  David  A.  Rhoda,  VC 
Physical  Sciences  Division 


Captain  David  Auerbach,  VC 
Physical  Sciences  Division 


TITLE  OF  PRESENTATION 

Infection-related  Acute  Changes 
in  Trace  Elements  in  Serum. 

Influences  of  Staphylococcal 
Enterotoxin  B  upon  Body  Fluid 
Compartmentalization. 

Influences  of  Staphylococcal 
Enterotoxin  B  upon  Coagulation 
Homeostasis . 


18  Oct  68  Captain  Martha  K.  Ward,  USPHS 
Chief,  Bacteriology  Division 

Captain  Charles  P.  Craig,  MC 
Medical  Division 

Captain  Paul  A.  Klein,  MSC 
Bacteriology  Division 

Dr.  Virginia  G.  McGann 
Bacteriology  Division 

Mrs.  Mary  H.  Wilkie 
Bacteriology  Division 


Introductory  Remarks  of  Program 
to  be  Presented. 

Discussion  of  Problems  in  Inter¬ 
pretation  of  Immunological  Data. 

Some  Observations  on  a  Combina¬ 
tion  Live  Vaccine  in  Mice. 

Significance  of  Serologic 
Reactions . 

Evaluation  of  the  Immune  Response 


15  Nov  68  Lt  Colonel  Robert  W.  McKinney,  MSC  Slides  on  Viet  Nam  and  Saigon 
Chief,  Virology  Division  were  presented. 


Major  Emerson  L.  Shroyer,  MSC 
Virology  Division 

Miss  Marie  L.  Miesse 
Virology  Division 


The  Spotted  Fever  Group  of 
Rickettsiae 

The  Rickettsiae. 


17  Jan  69  Lt  Colonel  Peter  J.  Bartelloni,  MC  Behavioral  Effects  of 
Chief,  Medical  Division  Infectious  Disease. 


Clinical  Evaluation  of  Eastern 
and  Weiitern  Equine  Encephalitis 
Vaccines . 
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PATE  LECTURER 

17  Jan  69  Captain  Frank  M.  Calia,  MC 
(Cont'd)  Medical  Division 


28  Feb  69  Captain  Ronald  E.  Vaughn,  VC 
Animal  Assessment  Division 


Captain  Frank  E.  Chappie,  VC 
Animal  Assessment  Division 


18  Apr  69  Mr.  Charles  0.  Roberts 
Microbiology  Division 

Mr.  Daniel  N,  Harrison 
Microbiology  Division 


TITLE  OF  PRESENTATION 

Absorption  and  Excretion  of 
Chloromycetin  and  Amphicol  in 
Humans . 

Growth  Hormone  Responses  during 
Infection. 

Relationship  of  TC-83  Vaccina¬ 
tion  of  Pregnant  Mice  to  Litter 
Size  and  Survival  of  the 
Neonates . 

Cross-circulation  Therapy  in 
Yellow  Fever-infected  Rhesus 
Monkeys . 

The  Efficacy  and  Safety  of 
Staphylococcal  Enterotoxoid  B. 

The  Efficacy  of  Single  and  Com¬ 
bined  Arbovirus  Vaccines  by 
Various  Routes  of  Administra¬ 
tion. 

Instrumentation  for  the  Separa¬ 
tion  and  Assay  of  Proteins. 

Enzyme,  Isotope,  and  Fluores¬ 
cein  Markers  in  the  Study  of 
the  Pharmacology  of  Staphylo¬ 
coccal  Enterotoxin  B. 

Methods  to  Increase  Antigenicity 
of  Staphylococcal  Enterotoxin  B. 

Serological  Studies  of 
Pasteurella  pestis . 

Unity  of  Pasteurella  pestis  dur¬ 
ing  a  Plague  Epidemic. 


Captain  John  L.  Winnacker,  MC 
Medical  Division 


Captain  Charles  H.  Hobbs,  VC 
Animal  Assessment  Division 

Mr.  Ralph  W.  Kuehne 
Animal  Assessment  Division 


21  Mar  69  Major  William  S.  Collins,  II,MSC 
Pathology  Division 

Major  Hubert  J.  Wolfe,  MC 
Pathology  Division 


Colonel  Joseph  F.  Metzger,  MC 
Chief,  Pathology  Division 


Lt  Colonel  John  D.  Marshall,  Jr.,  Status  of  the  Attenuated  Plague 

MSC  Vaccine. 

Chief,  Microbiology  Division 
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date  lecturer  title  of  presentation 

23  May  69  Captain  Martha  K.  Ward,  USPHS,  An  Inter-division  Seminar  on 

Chairman  Combined  Vaccines. 

Chief,  Bacteriology  Division 

Lt  Colonel  Peter  J.  Bartelloni,  MC 
Chief,  Medical  Division 

Lt  Colonel  John  D.  Marshall,  Jr.,  MSC 
Chief,  Microbiology  Division 

Lt  Colonel  Robert  W.  McKinney,  MSC 
Chief,  Virology  Division 

Major  Richard  0.  Spertzel,  VC 
Chief,  Animal  Assessment  Division 

Dr.  Francis  E.  Cole,  Jr. 

Virology  Division 
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